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No. 4754 


N an address at the opening of the new Physics 
Building of the Imperial College of Science and 
fehnology on October 20, Sir John Cockcroft 
erred to the growing complexity of equipment 
quired for physical and chemical research, and 
msequent mounting of costs during the past three 
jeades. The scale of expenditure on physics has 
jubled and redoubled, partly from the feed-back 
fm technology, which is providing ever more 
pwerful and discerning tools, and partly from the 
fequent combination of several different disciplines 
» attack new problems. Sir John instanced the 
wmbined British Universities liquid hydrogen bubble 
damber project, and Prof. McGee’s work on an 
dectronic device to convert beams or radiation from 
¢llar and other sources into electrical currents, from 
vhich was expected to come a 120-in. telescope as 
wwerful in most respects as the 200-in. giant of 
Yount Palomar. With the use of modern tools, 
themnistry departments already have operating costs 
emparable in scale with those of the Cavendish 
Laboratory. 

Sir John said Britain is inevitably left far behind 
by the Americans and Russians in the immensely 
expensive projects of space science and space travel, 
although Sir Harrie Massey is playing a leading part 
in the almost uncharted field of space research. 
Britain is still holding her own in most basic fields 
of science. Britain started with the advantage of a 
good flow of first-class young scientists from the 
universities. An increasing amount of support also 
came through the Research Grants Committee of the 
Department of Scientific and Industrial Research and 
the other Research Councils. During Prof. Blackett’s 
nure of the chair of the Research Grants Committee, 
funds for the support of basic science in the universi- 
ties had increased five-fold, and are now more than 
louble those for major items of equipment coming 
through the University Grants Committee. 

Nevertheless, at a College of Science and Tech- 
wlogy of which Sir John is vice-president, only some 
{500 per research worker is available from the Univer- 
ity Grants Committee and College funds for all 
iepartmental supplies, though this is increased by 
about 80 per cent by contributions from outside 
bodies, including the United States Army; 20 per 
vent of this external support comes from the Depart- 
ment of Scientific and Industrial Research. Sir 
John thought that this pattern is characteristic 
of many university institutions, and while he sug- 
gested that diverse channels of support for science 
would always be a safeguard and assist its growth, he 
telieves that in strengthening Britain’s science and 
technology it is more important to strengthen them 
in the universities than anywhere else at the present 
time. 
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As regards the growing scale of science in the next 
five years or so, he emphasized that to take full 
advantage of the present great opportunities the 
universities in Britain need several computers one 
hundred times faster than those now available to 
them. These would cost one or two million pounds 
apiece, but, thanks to the so far unrequited initiative 
of British industry, could be available from home 
sources if there was no long delay. Radio astronomers 
also need increased support to maintain their out- 
standing position in this new field of science and, 
apart from the increasing demands of theoretical 
astronomy, there are the claims of space research. 
Sir John did not attempt to discuss how far we would 
be justified in entering this field for the sake of 
developments in future technologies, but pointed out 
that present technologies are still far from adequately 
supported. The great potentialities for scientific and 
technological development in the universities of 
Britain could be exploited much more fully and with 
great benefit to the country if we increased the funds 
available to them for research equipment, technicians 
and urgently needed laboratories by only 1 per cent 
of the total sum now spent on research and develop- 
ment. 

In this address on the strengthening of science in 
Britain, Sir John Cockcroft thus far largely followed 
the argument of the latest report from the Advisory 
Council for Scientific Policy. Like the Advisory 
Council, he recognizes, too, that the general growth in 
the scale of equipment and the costliness of science is 
leading to some evolution of the organization of 
science. While, however, he noted that we have 
already found it necessary to build the largest 
accelerators in the National Institute for Nuclear 
Science, where ten universities are already experi- 
menting with the first of the accelerators to be built, 
the future relation of such national institutes to the 
central Government has still to be worked out. The 
first National Institute has made a good start and 
can, Sir John believes, be taken as a pattern for other 
collaborative university activities, such as space 
research and astronomy, though, to facilitate collabora- 
tion, the difficulties of working away from a university 
base require easing, and universities must recognize 
research work carried out at the National Institute 
for higher degrees. 

Sir John also referred to the desirability of powerful 
research tools in Government establishments, such 
as the 20-MV. research reactors at Harwell and the 
powerful computers of the Atomic Energy Authority, 
being available so far as possible to university 
research workers. Comparatively modest expendi- 
ture on travel and equipment for university workers 
could do much to make this possible, but he also 
thought that co-operation should include a greater 
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participation in university teaching by the staffs 
of Government establishments than. is at present the 
practice. Moreover, if and when other Government 
technological establishments are being founded, there 
is much to be said for building them on the 
campus of a university (as is the case in Australia), 
provided that by then the embarrassing differences 
of salary-level have disappeared. 

Sir John did not pursue that issue; nor did he 
follow up the implications of his comment that in 
many fields the cost of technological research is of 
the order of £7,000 per annum per research worker, 
and that the universities are making nothing like the 
contribution to the advancement of technology that 
they do to the advancement of science. He was 
content to point to the great opportunities and to 
stress the need for more inter-disciplinary projects. 
There are, indeed, in some Government establishments 
and in some Medical Research Council units, such as 
the Molecular Biology Research Unit at Cambridge, 
teams of mathematicians, engineers, physicists, 
physiologists and others, but more of this is needed 
in the universities in the future. 

Perhaps the most important of Sir John’s sugges- 
tions for the strengthening of science lie in the field 
of international co-operation. Referring to the 
building of the high-energy proton synchrotron at 
Geneva, in which Britain has joined forces with 
eleven other European nations, he said that a far 
better team had been collected than could have been 
obtained in Britain, and the combined technical 
resources of the member countries greatly exceeds 
those of any single country. As in the similar 
co-operative project to build the Dragon reactor at 
Winfrith Heath, British leadership has played a 
decisive part, and he believes that similar inter- 
national co-operation is desirable for other large-scale 
projects such as a future radio telescope, which 
might cost ten times as much as that at Jodrell Bank, 
or for the large optical telescope for the southern 
hemisphere now being discussed. 

Such international co-operation is the major.theme 
of a report, to which Sir John Cockcroft referred, on 
inereasing the effectiveness of Western science, 
prepared by a study group of the Science Committee 
of the North Atlantic Treaty Organization, and also 
sponsored by the Ford Foundation*. This report 
begins by stressing the importance of increasing the 
effectiveness of Western science, both from the 
point of view of security and from that of raising 
the standard of living in the Western countries, quite 
apart from the dominant part which science holds in 
our twentieth-century civilization and its challenge 
and inspiration to the spirit of men. Indeed, the 
report urges not simply a conscious effort to devote 
adequate resources to science, but also pleads for a 
greater unity, for much more interpenetration among 
the nations until national labels are no longer attached 
to fields of science. Incidentally, the report appears 
to accept 2 per cent as about the right proportion 


* Increasing the Effectiveness of Western Science. 
Universitaire, 11 rue d’Egmont, Bruxelles, 5.) 
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of the gross national product to be devoted to research 
and development, and some 10 per cent of this, as 
in the United Kingdom and the United States, t, 
fundamental research. 

What the report notes of obstacles to the advange 
of science is largely common knowledge. Shortage 
of funds, of buildings, of qualified science teachers. 
of trained technicians and craftsmen, administrative 
difficulties, and the traditional structure of universities, 
are common experience in varying degrees in the 
Western world, but there are also artificial inter. 
national obstacles to be removed such as restrictions 
on visas, inadequate budgets for  internationa! 
travel, customs or currency barriers to the acquisition 
or replacement of essential equipment, and sometimes 
restrictions on the tenure of permanent university 
posts to nationals of that country. Some of these 
barriers can obviously be removed by national 


action, as the report does not hesitate to indicate ;/ 
and the temper favourable to the removai of barriers | 
by national action may well be a pre-requisite to the! 
international action on which the report lays its) 


main stress. 


Some of the suggestions are familiar, and the 


report merely adds its authority to proposals already 
advanced. Among these are the encouragement by 
international agencies, in close co-operation with 
national agencies, of the exchange and employment 
of scientists between nations. Again, it is suggested 
that the International Council of Scientific Unions, 
in collaboration with the International Federation for 
Documentation and the United Nations Educational, 
Scientific and Cultural Organization, should be asked 
to do everything possible to improve documentation. 
To this end certain specific suggestions are made, such 
as organization of collaboration between editors of 
the chief scientific periodicals to ensure uniformity 
in publication practices ; affiliation of the principal 
documentation centres ; evolution of a single inter- 
national system of indexing; arrangements for 
providing authors’ abstracts; encouragement of 
additional reviews of broad scientific fields but 
discouragement of the proliferation of scientific 
periodicals ; and reduction of airmail tariffs for 
transmitting single copies of scientific publications to 
libraries and scientific associations. It is also sug- 


gested that international funds should be available to | 
assist the technically less-developed nations, especially 
in the North Atlantic Treaty Organization, to promote | 


science and engineering on the national level, on 


condition that such funds are used to mobilize | 


national funds for this purpose. 


More novel is the proposal to create an international | 
clearing house to expedite the transfer of research | 


equipment, the value of which has already been 


demonstrated by the Training Centre for Experim- | 


ental Aerodynamics in Belgium. But the most 
significant proposal is probably that noted by Sir 
John Cockcroft—the founding of an International 
Institute of Science and Technology. Research and 
educational centres serving the needs of two or more 
countries are regarded as of particular importance at 
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the present time, and the report instances oceano- 
graphy, meteorology, the ecological effects of pesti- 
cides and pollution, and the science of materials and 
space science ag fields in which such centres could 
well be distributed among different nations and 
preferably attached to universities. The recent report 
of the Advisory Council for Scientific Policy shows 
that, to some extent at any rate, the Advisory 
Council already recognizes the importance of inter- 
national collaboration in such fields; but Sir John 
Cockeroft goes further, and puts the weight of his 
authority behind the alternative proposal that one 
or more such centres could form part of an Inter- 
national Centre of Science and Technology or an 
Atlantic or European University. He maintains that 
the only chance of such a project coming to fruition 
is for Britain to take the lead and build such an 
Atlantic Institute here, as part of the university 
expansion programme of Britain, but with powerful 
help from Western Europe. 

The Advisory Council for Scientific Policy’s last 
report is calculated to stimulate some fresh thinking 
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” “a about university co-operation, and apart from all 
ud the ] considerations of international co-operation, collabor- 
ready (tion between universities must clearly play an 
ent by y creasing part if we are to make the most effective 
. with @ Use of our own natural resources for research. These 
yment possibilities must obviously be considered by the 
gested @ University Grants Committee, which should also 
Inions, § ote the suggestions advanced in the NATO report, 
ion for ¢ 82d even examine them further in their British 
tional, | Context without waiting for the consideration of the 
asked § PTposal by an appropriate study group which is 
tation, | TeCoOmmended. Meanwhile, Sir John Cockcroft’s 
», such § “dress should help to focus attention at a high level 
ors of § ©2 an aspect of scientific and technological develop- 
rmity ¢ ™ent—no less than of university expansion—which 
neipal has urgent claims for consideration by the Minister 
inter. § for Science, as well as by the Advisory Council for 
3 for | Scientific Policy and the University Grants Com- 
nt of @ mittee. 
3 but 
antific 
fs for 
— ROSSBY POSTHUMOUSLY 
td HONOURED 
woe The Atmosphere and the Sea in Motion 
Scientific Contributions to the Rossby Memorial 
el, = Volume. Edited by Bert Bolin. Pp. 509. (New 
bilize | York: The Rockefeller Institute Press; London: 
Oxford University Press, 1959.) 105s. net. 
. 
= ROF. C.-G. ROSSBY, a ‘life force’ in meteor- 
been | ology and oceanography from the late ‘thirties 
~ (g until his sudden and untimely death in 1957 at 
orl @ the age of fifty-eight, was to have been honoured 
most @ by his colleagues and former students with a 
y Sir J special volume of papers to commemorate his 
ional § sixtieth birthday. Those papers, with some notable 
. and § additions, have now been published, but as a mem- 
more § ial to him. 
oo a Rossby’s last complete paper was a retrospect and 


prospect entitled ““Aktuella Meteorologiska Problem”’, 
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given to the National Science Research Council of 
Sweden in 1956. This paper, translated, happily 
appears first in the present volume under the title 
“Current Problems in Meteorology”. In its fifty 
pages, Rossby covers in masterly fashion all the 
major meteorological interests of his career, showing 
us the way his mind moved, and what he and some 
others sought to achieve in their approach to a science 
which has so resisted but now and again partially 
capitulated to the attack of great minds. No other 
paper of Rossby so exposes, to my mind, the man 
and the scientist—so much greater he seemed than 
the sum of his parts. 

The other “additions” to the volume are two 
biographical sketches, one by Prof. Bergeron on the 
young Rossby, the other by Prof. Byers on Rossby 
the organizer; followed by a complete Rossby 
bibliography. Bergeron’s study is particularly 
interesting, revealing to us the Rossby that very few 
knew except, as it were, by extrapolation—restless, 
receptive yet highly speculative, anxious to break 
new trails and become his own master. One sees 
in part why Rossby took longer than most of his 
stature to express himself as scientist. 

The major part of the volume, the original papers, 
is arranged in five sections, under headings “The 
Sea in Motion”’’, “Distribution of Matter in the Sea 
and Atmosphere”’, ‘Characteristic Features of Atmo- 
spheric Motion”, and “‘Weather Forecasting”. One 
cannot pass all the papers in review but a few are 
appropriately mentioned for their relation to some of 
Rossby’s work. 

In the early forties Rossby realized, by that physi- 
cal intuition which was so strong in him, that the 
evolution of the large-scale flow-field of the atmosphere 
is not much affected, in the immediate sense, by its 
thermal field. (Ultimately, of course, practically all 
air motion derives from the thermal tield.) As one 
contributor puts it, “Rossby . . . recognized at a very 
early date that this must be true and he felt no need 
for a mathematical proof of this principle’. It was 
his great gift to meteorology that the evolution takes 
place very nearly under conservation of the absolute 
vertical vorticity of the air, and by this simplification 
he greatly encouraged the early introduction of 
numerical forecasting to practical meteorology. 
But intuition has to be followed by consolidation 
and there are two lengthy papers here in which the 
necessity of Rossby’s principle is more or less demon- 
strated. It is shown that evolutions arising from the 
large-scale thermal field are generally self-immolating 
—a result related to recent experience that numerical 
forecasting, in which the thermal field is included at 
all stages, gives disappointingly little more success 
than the simpler Rossby model. 

Rossby was always’ much concerned with the 
almost discontinuous properties of the atmosphere 
and oceans—fronts, jet streams and sharp shear lines 
are just three examples—so that it is very appro- 
priate and highly welcome to find a notable contribu- 
tion to the theory of fronts in this volume. A. 
Eliassen argues that the front “is not the asymptotic 
result of a gradual process (the large-scale horizontal 
deformation field operating on the field of isotherms) 
but a catastrophic development” in which wind shear 
and temperature contrast are formed simultaneously 
by means of a frictionally induced overturning of air 
transverse to the isotherms and the release of latent 
heat in the rising arm. The process is self-maintaining 
and reversible, and is a development of ideas put 
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forward earlier by Eliassen himself, and by J. 8. 
Sawyer in the United Kingdom. The same mechan- 
ism seeins likely to account for the eye of the tropical 
cyclone. 

Finally, one should mention a stimulating essay by 
Bergeron on the history of ideas in weather analysis 
and forecasting, with hints on their further develop- 
ment. The author is admittedly depressed by much 
of the story, of promising lines forsaken and sterile 
paths pursued, and he finds a major ill in the want of 
meteorological knowledge of theoreticians (Helm- 
holtz is his first example) and a too-poor mathematical 
training of ‘weather men’. The subject, he says, needs 
a Maxwell—Hertz in one person and the nearest 
approximation to have appeared so far was V. and J. 
Bjerknes, father and son. He pleads for a Lagrangian 
rather than an Eulerian approach to weather analysis, 
instancing the success of the Bergen frontal school 
and of Rossby’s Chicago school in this respect, but he 
recognizes that Lagrangian techniques have not yet 
been well developed. Perhaps the study of the 
evolution of the atmosphere will never become an 
exact science, though the limits of climatic variation 
suggest that, appropriately formulated, the problem 
should be soluble. Even in its present formulation 
there is ample scope for development and Bergeron 
helps to point the way. 

This is a volume of which, one can be sure, Rossby 
would be proud, a fine example of the growth and 
stature of the sciences with which it deals and which 
Rossby spent himself in building. P. A. SHEPPARD 


PLANT GEOGRAPHY 


Introduction to Plant Geography and Some Related 
Sciences 

By Prof. Nicholas Polunin. Pp. xix +640. (London : 

Longmans, Green and Co., Ltd., 1960.) 60s. net. 


“HIS volume is intended to provide “an intro- 
duction not only to Plant Geography in the wide 
sense, but also to much of Plant Ecology and Socio- 
logy, to the Plant Kingdom as a whole, and to 
Economic Botany”. Such a task has obvious diffi- 
culties, and the subjects make a strange mixture for 
what is presumably meant to be essentially an intro- 
ductory text-book on plant geography. 

After a preliminary chapter, there follow several 
dealing with plant classification, physiological re- 
actions, ‘adaptations’, life-forms, dispersal and migra- 
tion, and fossil plants. Two chapters deal with 
foundations of modern distribution and with types 
and areas of natural distributions. There are then 
interpolated matters under the headings ‘Modi- 
fication and Distribution of Crops (and Weeds)” and 
“Vital Importance to Mankind”. There follow a 
summary account of environmental factors and an 
outline of main habitats, successions, and climaxes. 
Not until more than half-way through the book are 
the ‘vegetational types’ dealt with. These are sub- 
divided into those of temperate and adjacent lands, 
of polar lands and high altitudes, of tropical and 
adjacent lands, of fresh and inland saline waters, and 
of seas. The book ends with two chapters entitled 
‘Landscapes and Vegetation’ and “Plant Adjust- 
ments and Applications’, respectively. A great deal 


of space is occupied by material not immediately 
relevant to plant geography. As one consequence of 
this, many of the important phytogeographical sub- 
divisions of the world are very inadequately con- 
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sidered. Another criticism concerns the sequence of 
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the chapters. Thus, polar lands are dealt with 
between those with temperate and those with 
tropical climates. 

On the other hand, it must be fairly stated that 
on the whole the descriptive statements are accurate 
so far as they go. Controversial matters, such ag 
transoceanic dispersal, continental drift, and nunataks 
are outlined with the various points of view given 
without bias. The account of the vegetation of polar 
lands is a good résumé ; but other areas, such as the 
Mediterranean region, are inadequately treated. The 
inclusion of a chapter on marine vegetation is com. 
mendable. 

The fount and format are excellent, and there js 
a@ good index. A coloured map has the caption 
“Generalized Land Vegetation Map of the World” 
and was prepared by A. W. Kiichler (1958) with 
northern forest and arctic limits by N. Polunin. This 
map is in parts difficult to interpret and appears to 
have little connexion with the text. There are 184 
figures, the majority from photographs, and many of 
these are clear and relevant to the text. Biblio. 
graphical references are given at the ends of chapters, 
but these are mostly to books and not to original 
papers. W. B. Turri 


A TRILOGY OF VIROLOGY 


The Viruses 

Biochemical, Biological, and Biophysical Properties. 
Edited by F. M. Burnet and W. M. Stanley. Vol. 1: 
General Virology. Pp. xvii+609. 16.50 dollars; 
118s. Vol. 2: Plant and Bacterial Viruses. Pp. 
xvi+408. 13 dollars. Vol. 3: Animal Viruses. Pp. 
xvii+428. 12 dollars. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), 
Ltd., 1959.) 


IRUS research originated in pathology, and for 

more than half the nearly 70 years during which 
the existence of viruses has been recognized their study 
was an activity almost confined to pathologists, but 
the 34 articles that make up these three volumes carry 
few signs of this. The sub-title, “Biochemical, 
Biological and Biophysical Properties”, makes it 
obvious that this would be no place to seek such 
mundane things as clinical descriptions or methods of 
controlling virus diseases, but it is unexpected that 
pathogenicity should be so neglected; no article is 
devoted specifically to it and fewer than 1 per cent of 
the nearly 1,500 pages even mention it. Yet patho- 
genicity is not only what makes viruses economically 
important, but is also the feature that usually first 
brings their existence to notice and that provides the 
means for their detection and assay in most kinds of 
work. If their biochemical and biological properties do 
not determine the many and varied ways in which 
viruses interfere with the normal functioning of host 
cells, what does ? It is true that the ability to infect 
and multiply, rather than to cause disease, is the 
prime feature of a virus and the one with the greatest 
significance to biology in general ; the emphasis given 
to this feature is therefore understandable, but it does 
not justify excluding other abilities rich in scientific 
interest and unsolved problems. Indeed, the replica- 
tion of nucleic acid and its relation to protein synthesis 
already looms so large in virus research that such 
exclusions can only lead to the subject becoming 
increasingly unbalanced by attracting a still greater 
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proportion of workers to this currently fashionable 
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The major adverse criticisms to be brought against 
this trilogy stem from sins of omission, perhaps 
because the title and sub-title seem to promise too 
much. “The Viruses” suggests a completeness that is 
far from fulfilled, for most of the known viruses are 
not even mentioned. _Markham’s admirable survey 
of the properties of plant viruses is exceptional in 
dealing in some detail with as many as 10 viruses, 
but most articles are concerned only with tobacco 
mosaic virus, with 7'2-coliphage, or with one or other 
of three animal viruses. Wildman’s article, for 
example, though called “The Process of Infection 
and Virus Synthesis with Tobacco Mosaic and Other 
Plant Viruses”’, in fact mentions only one other virus, 
and this in only two sentences, one in a footnote. 
Similarly, although Fraenkel-Conrat’s article entitled 
“The Chemical Basis of the Infectivity of Tobacco 
Mosaic Virus and Other Plant Viruses” does contain a 
table showing the sizes and shapes of ten plant viruses, 
the text mentions only one other than tobacco mosaic 

virus, and this one gets less space than the two brief 
paragraphs devoted to animal viruses and bacterio- 
phages. 
' “Chemical, Physical and Genetical Properties of a 
Few Viruses’ would more accurately reflect the 
contents of the three volumes, but does not, any more 
than the existing title, show that nearly 300 pages of 
Volume 1 are not specifically concerned with viruses. 
These pages are no less valuable because of this. 
Indeed, Cohen’s scholarly article of 189 pages, plus 
about 1,000 references, on “Structural and Chemical 
Architecture of Host Cells with Special Reference to 
the Synthesis of Polymers” will not only tell most 
virus workers much more than they previously knew 
about what goes on in cells, but will also do so for 
workers in many other subjects. Similarly, the 
excellent critical discussion of methods used to 
measure particle sizes that fills 80 of the 100-page 
article by Schachman and Williams, called ‘The 
Physical Properties of Infective Particles”, applies to 
macro-molecules in general. 

There is no space here to give the titles of all the 
articles, let alone comment on them. All that can be 
done is to list the contributors not already named to 









show that all a1e well qualified to write with authority. 
They are, in order of first appearance, F. M. Burnet, 
W. M. Stanley, C. E. Schwerdt, S. Gard, O. Maaloe, 
E. A. Evans, W. Schafer, G. H. Bergold, 8. E. Luria, 
C. A. Knight, L. M. Black, A. Lwoff, A. Garen, L. M. 
Kozloff, G. S. Stent, C. Levinthal, F. Jacob, E. L. 
Wollman, F. W. Stahl, S. G. Anderson, A. Gottschalk, 
F. B. Bang, A. Isaacs, W. Schlesinger, F. L. Horsfall, 
F. Fenner, J. Cairns, T. Francis, H. B. Andervont, 
K. M. Smith. With such a galaxy of talent, although 
the articles are not all of the same quality, it need 
scarcely be said that in total they contain a wealth of 
information and that the volumes will be required 
equipment of laboratories where viruses are being 
studied. This is probably more than enough to 
justify the exercise, but it is impossible not to regret 
that, valuable as these collected articles are, they do 
not constitute the definitive work on viruses these 
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authors might have produced. 

Each volume has a subject and author index, and 
each article its own bibliography, some running 
to hundreds of titles. There are many illustra- 


tions and the -whole production is excelient, as it 
ought to be at a total cost of 41.50 dollars. 
F. C. BAWDEN 
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TRENDS IN METROLOGY 
Acta Imeko 1958 


Proceedings of the International Measurements 
Conference, Budapest, 24-30 November 1958. Vol. 1: 
Pp. 443. Vol. 2: Pp. 444. Vol.3: Pp. 372. Vol. 4: 
Pp. 460. Vol. 5: Pp. 419. (Budapest: Hungarian 
Scientific Society for Measurement and Automation, 
1959.) n.p. 

HE published proceedings of the 1958 Inter- 

national Measurements Conference, the first to be 
organized by scientific societies in Hungary, Poland 
and the U.S.S.R., provide Western readers in particu- 
lar with a convenient means of reviewing the present 
state and development of metrology and instrument 
technology in these and other countries of Eastern 
Europe. Seventy of the 127 papers originate from the 
organizing countries, and there are 37 from the German 
Democratic Republic with six from Czechoslovakia. 
In addition, there are two each from Austria, the 
German Federal Republic, Italy, the United Kingdom 
and Rumania, and one each from Belgium, Bulgaria, 
Denmark and the Netherlands. The official languages 
of the conference were Hungarian, Russian, German 
and English (or French). As summaries in English 
are provided with 121 of the papers printed in 
languages other than English or French, it is possible 
for readers of English to gain a reasonable first 
impression of the contents of practically all the 
papers without recourse to translation. At the end 
of each volume is reproduced, in each of the four 
official languages, a list of the titles and authors 
of the papers appearing therein. No discussions of 
papers are recorded. 

The conference was organized into three main 
sections dealing with the following topics: (1) Con- 
tributions of general interest (10 papers) ; (2) 
(comprising 9 sub-sections) geometric quantities ; 
mechanical quantities ; optical measurements ; tem- 
perature, flow and humidity; electric quantities ; 
magnetic quantities ; electric and electronic measur- 
ing techniques; chemistry, physical chemistry and 
structure analysis; measurement and application 
of the ionizing radiations (102 papers in all); (3) 
organization, economy, technology and education 
(15 papers). Among the contributions of general 
interest appearing in Volume 1, mention is made of 
those on the international organization of both 
scientific and legal metrology, on international 
standardization and on the progress towards adopt- 
ing natural reference standards, for example, an 
atomic wave-length, an atomic frequency and a 
constant, such as the gyromagnetic ratio of the 
proton, as the means of practical definition of basic 
units of measurement. Other papers discuss the 
applications of electronics, radio and microwave 
methods, semiconductors and digital computers to 
the techniques of measurement and control. 

Papers in the various sub-divisions of Section 2 
appear in the latter part of Volume 1, and in Volumes 
2, 3, 4 and part of Volume 5. The two contributions 
from the United Kingdom fall in this Section; one 
deals with problems of determination of particle size 
by scanning microscopy (W. T. Welford), and the other 
describes an X-ray diffractometer operating auto- 
matically through a punched-tape programme (W. A. 
Wooster). Among methods and apparatus for 
measuring geometric and mechanical quantities, 
attention may be directed to the highly developed 
applications of optical interferometric methods in the 
U.S.S.R. and to the novel Czechoslovakian system, 
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applicable to gear and angle measurements, which 
depends on the use of sinusoidal magnetic impressions 
recorded on tapes or bands as highly sensitive and 
accurate angle-measuring devices. A paper in Volume 
3 on the calibration and examination of electronic 
and visual pyrometers in the U.S.8.R. refers to 
pyrometers which are available for measuring 
temperatures up to 10,000° C. to an accuracy of 
0-1 per cent (0-05 per cent at the gold point, 1,063° 
C.). Another paper discusses the measurement of 
radiation energy with a platinum bolometer sensitive 
to 10-%° W. Indeed, a very large proportion of 
the papers in Volumes 3 and 4 describe special 
instruments and techniques developed for use in the 
various fields of measurement covered. The U.S.S.R. 
paper on reference measurements for the ionizing 
radiations (Volume 5) shows that standards and 
measurements in this important field are well con- 
trolled by the work of the national standards labora- 
tory in Leningrad. Contributions to Section 3 in 
Volume 5 reveal the intense interest, especially in the 
U.S.S.R. and the associated countries, in the applica- 
tions of automation to methods of production and 
the control of inspection. 

It is difficult for a single reviewer to give in brief 
an adequate indication of the wide scope and interest 
of the papers appearing in these five volumes. There 
is no doubt that, on the whole, they will amply 
repay notice by all those interested in the present-day 
trends of metrology and instrument technology. 
Preparations are in hand to hold another conference 
of the same kind during 1961 (June 25—July 9). 

H. BaRRELL 


FLUCTUATION NOISE IN RADIO 
CIRCUITS 


Electrical Noise 
Fundamentals and Physical Mechanism. By Dr. 
D. A. Bell. Pp. x+342. (London: D. Van Nostrand 
Company, Ltd. ; Princeton, N.J.: D. Van Nostrand 
Company, Inc., 1960.) 50s. 

O the electrical engineer, the title ‘Electrical 

Noise’”’ might convey the impression that this 
book deals with unwanted radiation causing inter- 
ference with telecommunications. The author is not, 
however, concerned with this field; and his book 
deals comprehensively with the fluctuation-type noise 
which arises within the apparatus and components 
used in the generation and reception of radio signals, 
It summarizes the results of more than twenty years 
experimental and theoretical research on the random 
fluctuations of current which arise from various 
causes in electrical circuits over a very wide range of 
frequencies. 

Following introductory sections on mathematical 
techniques and general noise theorems, there are 
chapters on noise in diodes, grid-controlled amplifying 
valves, and the more recently developed beam, maser 
and parametric amplifiers. Current noise, which is 
generated when a direct current passes through a 
semiconducting material, is then discussed in con- 
siderable detail ; and it is shown that the satisfactory 
explanation of the origin of such noise is an important 
outstanding theoretical problem. Further chapters 
deal with the types of noise which arise in thin metal 
films, in rectifiers and transistors, and in ferro- 
magnetic materials. A chapter on “Radiation 
Detectors’’ shows that the measurement of noise can 
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be applied to useful ends in, for example, radio 
astronomy, temperature measurement, and photo. 
electric detectors. 

The book is to be welcomed as a specialist: mono. 
graph presenting a detailed review of the curren; 
state of knowledge of a subject in which there has 
been a certain amount of confused thought and 
much controversy in the past. Although the author 
has on occasions appeared to be in conflict with his 
contemporary workers in parts of this controversy, 
this has not materially affected the scope or presenta. 
tion in the book under review. <A good selection of 
references is given at the end of each chapter ; these 
will enable the serious student to explore any par 
of the field and examine the points of view of other 
advanced research workers. The book has a fey 
short-comings in that the chapter sub-headings are 
inadequate in some cases, and some of the diagrams 
are by no means self-explanatory. Apart from such 
limitations, however, the book is welcomed as a very 
useful survey of knowledge in this rather complex 
field. R. L. Smrru-Rose 


PLANT PATHOLOGY 


Plant Pathology 
An Advanced Treatise. Edited by J. G. Horsfall and 
A. E. Dimond. Vol. 3: The Diseased Population, 
Epidemics and Control. Pp. xiii+675. (New York: 
Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1960.) 27 dollars. 

S the editors make clear in their prologue, this 

third and final volume of their comprehensive 
theoretical treatment of plant pathology covers the 
newer or younger aspects of the subject, and to that 
extent it is truly theoretical in places. After a 
stimulating discourse by 8. D. Garrett on the various 
forms of inoculum and on inoculum potential, there are 
chapters dealing with the natural spread of inoculum 
in soil, seeds and planting material, by animal and 
insect (mainly virus), and by air and water, including 
take-off, flight and landing. Other chapters deal 
with the analysis of factors and processes involved in 
primary and secondary disease epidemics, the possi- 
bility and value of predicting epidemics, and the 
biological factors that affect or interfere with them. 
The rest of the volume is concerned with the basic 
principles of disease control by cultural practices, 
soil treatment, the use of fungicides, the breeding of 
resistant varieties and plant legislation. Plant 
legislation, concealed under the misnomer “‘Quaran- 
tines’’, includes a useful account of recent international 
efforts to ensure that essential regulations are uniform, 
justifiable and soundly based biologically. The intric- 
acies of this subject are, however, largely a closed 
book to all but a few officials, and many readers 
would no doubt have welcomed a reasoned exposition 
of the basic principles and problems _ involved, 
especially by one so well qualified to prepare it. 

The international nature of the treatise is well 

maintained, with six contributions from the United 
States, four from the United Kingdom and single 
ones from Germany, Denmark, France and South 
Africa. The treatise is intended for the creative 


worker and advanced student of plant pathology, but 
even he will not get wholly by without more than 4 
nodding acquaintance with mathematics and chemis- 
try. But those who can spare £25 for the three volumes 
will find that the fifty distinguished contributors have 
given them plenty to think about. 


W. C. Moore 
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Advances in Space Science 


No. 4754 


Vol. 1. Pp. xii+412. (1959.) 12 dollars. Vol. 2. 
Pp. xiii +450. (1960.) 13 dollars. Edited by 
Frederick I. Ordway. (New York: Academic 


Press, Inc. ; London : Academic Press, Inc. (London), 
Ltd.) 


HE title of this series is misleading. It would 

be much more indicative of the contents if it 
were “Advances in Space Technology”’. The editor’s 
view on ‘space science’ is revealed in the foreword 
where he states that “The principal objective of 
space science is to make it possible for man, and 
not merely instruments, one day to travel into space 
and to explore the planetary and satellite bodies of 
the solar system (and perhaps, in some undiscernible 
future, even the stars)’’. 

The headings of the articles and the authors (most 
of whom are affiliated to American military or indus- 
trial laboratories) are as follows: Volume 1, “Inter- 
planetary Rocket Trajectories’ (D. F. Lawden), 
“Inter-planetary Communications” (J. R. Pierce and 
c. C. Cutler), “Power Supplies for Orbital and 
Space Vehicles’ (J. H. Huth), “Manned Space 
Cabin Systems” (E. B. Konecci), “Radiation and 
Man in Space” (H. J. Schaefer), “Nutrition in 
Space Flight” (R. G. Tischer), ““A Decimal Classific- 
ation System for Astronautics” (H. H. Koelle) ; 
Volume 2, “Experimental Physics Using Space 
Vehicles” (C. P. Sonett), ““Tracking Artificial Satellites 
and Space Vehicles” (K. G. Henize), ‘‘Materials 
in Space” (F. L. Bagby), “Plasma Propulsion 
Devices” (M. Camac), “Electrostatic Propulsion 
Systems for Space Vehicles” (E. Stuhlinger and 
R. N. Seitz), “‘Altitude Control of Satellites and 
Space Vehicles’”’ (R. E. Roberson). 

The articles, which are in general highly technical, 
are likely to be of interest mainly to professional 
engineers. They are not intended for, and would 
not be understood by, the general reader. 

Author and subject indexes are supplied to each 
volume. The printing and production are of the 
customary high standard of the Academic Press. 

D. R. Bates 


Modern Aspects of Electrochemistry 

No. 2. Edited by Dr. J. O’M. Bockris. (Modern 
Aspects Series of Chemistry.) Pp. ix +416. (London : 
Butterworths Scientific Publications; New York : 
Academic Press, Inc., 1959.) 75s. 


. | ipmee book continues the survey of selected topics 

in electrochemistry begun in the first volume, 
published in 1954. There are five chapters, dealing 
with the present state of the theory of electrolytic 
solutions (by H. Falkenhagen and G. Kelbig), 
physical chemistry of ion exchange resins (by J. A. 
Kitchener), molten electrolytes (by H. Bloom and 
J. O’M. Bockris), the anodic behaviour of metals (by 
T. P. Hoar), and the semiconductor-electrolyte 
interface (by M. Green). Each chapter has a full 
bibliography ; the literature references seem mostly 
to end about 1955. 

The first chapter is a very informative and detailed 
review of a subject which continues to attract 
interest. It is really a small monograph, the theory 
being developed from the beginning with the Debye— 
Hiickel treatment. The mathematics is often rather 
advanced. Activity coefficients, conduction, and 
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(rather briefly) viscosity are dealt with, and there are 
many tables. The chapter on ion-exchange resins is 
on the lines of a small book on the subject published 
fairly recently. The discussion of molten electrolytes 
deals with a subject of increasing importance ; 
Russian work, as well as that of the authors, find 
places in it. There are several tables of results, and 
the treatment is well balanced between theory and 
experiment. 

The chapter on anodic behaviour of metals includes 
topics of technical importance, such as anodic polish- 
ing, and also deals with subjects of theoretical interest. 
The phenomena are still far from completely under- 
stood. The final chapter, on the semiconductor— 
electrolyte interface, is almost entirely theoretical, 
with only a brief discussion of the germanium 
electrode ; the subject was scarcely at such a stage 
as to warrant a review. The book as a whole is very 
well written, with a good balance in each individual 
chapter, and good editing has brought together a most 
interesting selection of material. 

J. R. PARTINGTON 


Proceedings of the International Symposium on 
Microchemistry 

Held at Birmingham University, August 20th to 

27th, 1958. (Organized by the Midlands Section and 

the Microchemistry Group of the Society for Analyti- 

cal Chemistry.) Pp. xxvi+583. (London and New 

Y rk: Pergamon Press, 1960.) 100s. net. 


HIS volume consists of a collection of lectures 

delivered at the International Symposium of 
Microchemistry held at the University of Birmingham 
in 1958. Many of the contributors are world-re- 
nowned in their respective fields, and the individual 
papers present a wealth of authoritative practical 
and theoretical information. Some papers also deal 
with the unique problems associated with the teaching 
of micro-analytical methods. 

I almost feel it invidious to single out individual 
authors or topics for consideration, but the wide 
field covered by this remarkable book can only be 
illustrated in this way. F. Feigl’s lecture to the whole 
meeting is devoted to the pyrolytic treatment of 
materials prior to spot-test analyses; F. J. Welcher 
reviews theoretically the employment of selective 
organic reagents ; H. Weisz describes the more recent 
‘ring oven’ technique ; G. F. Hodsman and M. Corner 
present informative papers on ‘weighing accurately’ ; 
H. Lieb reviews forty years of quantitative organic 
micro-analysis, and many other experts give support - 
ing papers of great practical value. The practical 
fields of ion exchange, chromatography, polaro- 
graphy, radiochemistry, spectrochemistry and com- 
plexonistry are dealt with by chemists of standing, 
and one welcomes the papers by A. A. Bene- 
detti-Pichler, C. J. Van Nieuwenberg and R. Belcher 
on the history and teaching of microchemical 
methods. 

This is a book which will find a place not only with 
the individual researcher but also in the libraries 
of every up-to-date industrial or academic research 
institution. It offers, in small compass, a compre- 
hensive survey of recent advances in widely separated 
fields of microchemical application and contains 
the valued opinions and laboratory experiences 


of many eminent research workers. 
D. T. Lewis 
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ORIGIN AND NATURE OF LUNAR SURFACE FEATURES 


By J. J. GILVARRY 


Research Laboratories, Allis-Chalmers Manufacturing Company, Milwaukee, Wisconsin 


FY HE dark and smooth appearance of the lunar 
] maria has generally been viewed as sufficient 
evidence to identify their surfaces as lava flows. 
Interpretations on this basis, but differing in detail, 
have been given by Baldwin', Urey*, and Kuiper’. 
told‘ has argued strongly against the presence of 
lava, in view of the consequent difficulty in cor- 
relating temporal sequences of crater origin and the 
paucity of definite volcanic features. I> have pointed 
out that the known presence of a dust layer over the 
entire surface of the Moon vitiates the reasoning for 
the presence of lava. The arguments for lava pre- 
suppose the absence of a lunar atmosphere or hydro- 
sphere lasting any significant length of time. During 
the past few decades, however, it has become in- 
creasingly clear that the terrestrial atmosphere and 
hydrosphere were formed by exudation from the 
Earth’s interior. The purpose of this article is to 
consider the possibility of an analogous process in 
the case of the Moon. It will be shown that the 
origin and nature of major surface features on the 
Moon can be explained in terms of effects of the 
former presence of a lunar hydrosphere. 


Life-time of the Lunar Hydrosphere 


By considering the cosmic and terrestrial abun- 
dances of the inert rare gases, Brown® and Suess’ 
have demonstrated that any element which existed 
primarily as a gas at the time of the Earth’s formation 
could not have been retained to a significant extent in 
its atmosphere. It follows that the present atmo- 
sphere and hydrosphere of the Earth are not residual 
from primordial antecedents, but are almost entirely 
of secondary origin. Rubey* has adduced purely 
geological arguments leading to precisely the same 
conclusion; he presents compelling evidence that 
the terrestrial atmosphere and hydrosphere were 
formed by leakage from the underlying earth through 
its surface. 

In view of the Moon’s smaller mass, the con- 
clusion follows a fortiori that it could have retained 
no residue of any primordial atmosphere or hydro- 
sphere, since it necessarily was formed at essentially 
the same distance from the Sun, at approximately 
the same time, and under roughly the same conditions 
as the Earth. Accordingly, the question of the life- 
time of a lunar atmosphere or hydrosphere cannot 
be discussed without deciding the type of secondary 
atmosphere or hydrosphere formed by leakage of 
fluid through its surface, by a degassing process 
exactly analogous to that postulated for the Earth. 
To answer this question, a scaling law must be 
assumed. It will be hypothesized that the total 


masses of a constituent in the secondary atmosphere 
and hydrosphere for the Moon and Earth should be 
proportional to the corresponding masses of these 
Let Q; represent the number of molecules 


bodies. 


above unit area on the Moon’s surface for the ith 
constituent in its atmosphere and hydrosphere, and 
let Q;* be the corresponding quantity for the Earth, 
If the difference in mean density between the Moon 
and Earth is ignored, this assumption yields : 


Qi/Q;* = R/R* (1) 


where R is the radius of the Moon and R* that of 
the Earth. As will appear, the order of magnitude 
of resultant life-times is not sensitive to the precise 
choice of scaling law. 

In determining the value of Q; for fluids on the 
Moon from equation 1, it clearly is necessary to 
consider in Q;* the total amounts on the Earth of 
any compound of atmospheric or hydrospheric pro- 
venance. In the case of hydrospheric water, for 
example, one must include the contribution from 
continental ice, and in the case of carbon dioxide, the 
fossil quantity locked in sediments. Values of Q; 
have been determined for water, carbon dioxide, 
oxygen and nitrogen by equation 1 from data of 
Wildt®. The resulting Q; for water corresponds to a 
surface density of 79 kgm./cm.*? and exceeds by a 
large factor those for the other fluids, as a consequence 
of the large mass of water in the terrestrial oceans. 

For simplicity, it will be assumed that the secondary 
lunar atmosphere and hydrosphere were formed by 
exudation from the interior in a time short compared 
with the corresponding life-time. The life-time J; of 
the ith constituent of the lunar atmosphere and 
hydrosphere is then fixed by : 


LZ; = Ql (2) 


where j; is the thermal escape-rate of Jeans'® and 
Spitzer". Equation 2 applies to the atmosphere and 
hydrosphere combined, since it presupposes that loss 
of a constituent (water vapour, for example) from 
the atmosphere can be replenished by gain from the 
hydrosphere. Thus, the model presumes that the 
entire hydrosphere is gaseous; the fact that it is 
liquid lengthens the actual life-time over that com- 
puted. It is unnecessary to consider the correction 
factor B of Spitzer™ or my A; (ref. 12) in connexion 
with equation 2, since use of these parameters is 
obviated when a direct estimate of Q; is available. 
I have determined the height of the escape layer 
above the Earth’s surface from data obtained by 
observation of satellite orbits!*. Theoretical relations” 
have been used to scale the result for night conditions 
to yield an approximate height of 2,300 km. for the 
escape layer above the lunar surface. The mean 
tempereture of the critical level for the Earth varies 
between 1,000 and 2,000 °K diurnally’*. An upper 
limit of 3,000 °K. will be assumed for the escape layer 
of the Moon, which is about the value apparently 
required to explain the loss of atmospheric helium-4 
from the Earth'.!*, 
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Fig. 1. Life-time Zi of various constituents of the primitive lunar 

atmosphere and hydrosphere, as a function of assumed tempera- 

ture in the escape layer. The curves for oxygen and nitrogen are 
indistinguishable on the séale used 


The life-time J; on the assumptions made is shown 
in Fig. 1 as a function of assumed temperature of the 
escape layer, for water, carbon dioxide, oxygen and 
nitrogen. One sees that the life-time of water is the 
longest by a large margin for any temperature above 
1,000 °K. Moreover, this life-time is measured in 
milliards of years, and thus is comparable with the 
duration (of order 4-5 x 10° years) of the Moon’s 
life-time. Corresponding to uncertainties in assumed 
initial conditions, the estimates shown can reasonably 
be increased or decreased by a factor 10'/?, giving an 
overall spread of a factor of 10 in the results. The 
conclusion remains unaffected, that the lunar hydro- 
sphere lasted a period at least of the order of 10° years. 
Computations of the life-time of water on the Moon 
have been made previously'."° ; they yielded values 
insignificant on an astronomical scale because the 
possible existence of a lunar hydrosphere capable of 
continuously replenishing the atmosphere was ignored. 

The maximum depth of the lunar hydrosphere can 
be estimated on the assumption that the time of its 
exudation from the interior was short compared with 
its life-time. If the surface of the Moon below the 
hydrosphere were smooth, the value of Q; for water 
would indicate a maximum water depth of about 
1 km. However, about half the visible surface of the 
Moon consists of highlands about 2 km. higher on the 
average than the lowlands, which, if true for the 
other face, would yield a mean water depth of roughly 
2km. Height estimates for the averted face are not 
possible, since only a few crude photographs are 

available. In spite of this uncertainty, it is clear 
that sufficient water existed in the lunar hydrosphere 
to drown all the lowlands and to encroach significantly 
on the highlands, at one time. 

On these considerations, a large part of the erosion 
evident for the lowland regions of the Moon must 
have taken place subaqueously ; a significant amount 
may have been done by turbidity currents. Because 
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of the relatively low surface gravity, small area 
available for watersheds, and thinness of the atmo- 
sphere (composed in later stages primarily of water 
vapour), erosion by flowing rivers and their tribu- 
taries should not have been very significant. Thus, 
dendritic drainage patterns should appear in the 
highlands but should not be prominent ; Pickering’® 
has shown observationally that such actually seems 
to be the case. 


Craters on Land 


If it is indeed true that the Moon possessed an 
appreciable hydrosphere throughout a large fraction 
of its history, it follows that the level floors of the 
maria were formed by sediments deposited from the 
water in the course of its dissipation. Compaction of 
these sediments should yield a softer rock than that 
forming the highlands, and this circumstance should 
be reflected systematically in the mensuration of the 
corresponding craters, to some degree. Evidence of 
a systematic difference between craters formed in the 
highlands and the maria will be sought in an exten- 
sion of Baldwin’s correlation of diameter and depth 
to include the effect of crater formation in hard or 
soft rock. Baldwin’s curve of diameter versus depth 
for the lunar craters of Class I (presumably the 
youngest) exhibits a continuous variation through 
the analogous curve for terrestrial meteoritic craters 
into the corresponding curve for explosion craters on 
the Earth. This correlation is one of the strongest 
arguments that the lunar craters were formed by 
explosion of meteorites on impact. It can be shown 
that such explosions necessarily occur close to the 
surface!’. 

It will be assumed that the relation between the 
diameter D and depth d of a crater can be written 
as the quadratic form : 


D =a,d [1 + (d/a,)] (3) 


with the seu of coefficients a, anda, different inthe cases 
of hard and soft rock. The coefficients a, for hard 
and soft rock were determined from the results of 
measurements of the dimensions of craters formed by 
explosion of chemical charges in basalt and sedi- 
mentary rock, respectively’*. These experiments 
were carried out under closely controlled conditions, 
with the centre of mass of the charge at ground-level. 
The resulting least-square linear relations D = a,d 
for the two cases are shown (dashed in part) in Fig. 2. 
As a check, data points for the craters formed by the 
nuclear explosions Jangle (S) and Jangle (U) in 
compacted desert alluvium are shown also’®; the 
latter was an underground explosion but the scaled 
depth of burst was sufficiently small for it to approx- 
imate a surface explosion. One sees that agreement 
of the two points with the line for soft rock is 
excellent. 

Of the craters in Baldwin’s Class I, 80 have been 
classified in Class IH, occurring in the highlands, 
84 in Class IS, occurring in the floors of the maria, 
and 30 as ambiguous on this score. With the value 
of a, fixed as above for hard and soft rock, the 
corresponding values of a, were determined by a 
least-squares} fit to the data of Baldwin for the 
dimensions of the craters of Class IH and IS, respec- 
tively. The, resulting curves are shown in Fig. 2. 
They become nearly identical for large diameter and 
depth, as is clearly necersary, since the larger craters 
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Fig. 2. Correlation of diameter versus depth for various classes 

of craters and the lunar maria. The solid curves correspond to 

fitted functions for craters on land and in water, for hard and 

soft rock. In general, points for only every tenth lunar crater in 
Classes 1H and IS appear 


on the floor of a mare must extend into the harder 
rock below the sediments. The association of the 
lunar craters of Classes IH and IS with hard and 
soft rock, respectively, is inferential ; one sees that 
the difference between the two curves computed on 
this assumption is too small in the region of large 
dimensions to be of diagnostic value. 

However, a significant difference does appear for 
the two curves in question for the intermediate range 
of depth and diameter. To show that the difference 
is real, recourse will be made to the data for terrestrial 
meteoritic craters. Ten such craters for which dimen- 
sions are known with relative accuracy were classified 
in Class IH, formed in hard rock, and Class IS formed 
in soft rock. The basis of distinction between hard 
and soft rock is the shear strength, primarily ; 
granite and dolomite are regarded as hard, and lime- 
stone and sandstone as soft. Schist and gneiss are 
considered soft, in view of their low shear strength 
along planes of foliation and banding, respectively. 
The craters of Class IH are Brent**, Chubb*', Holle- 
ford**, Sall**, and Dalgaranga**; those of Class IS 
are Barringer (Arizona)', Le Clot*s, Merewether**, 
Odessa' 1, and Odessa' 2. The dimensions of these 


craters are plotted in Fig. 2, as differentiated into 
the two classes. 

The close correlation between the data points for 
terrestrial meteoritic craters of Classes IH and IS, 
and the corresponding curves constructed on the 
assumption that the lunar craters of Classes IH and 
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IS were formed in hard and soft rock, respectively, 
is obvious from the figure. Furthermore, one note, 
that no data on the dimensions of terrestrial meteor. 
itic craters were used in the construction of the 
curves in question, as is not the case for Baldwin's 
curve. In spite of this fact, the curves yield g 
separation of the terrestrial meteorite craters into 
two classes, for hard and soft rock, correctly. When 
corresponding coefficients of correlation are obtained 
for each type of crater, one finds that the values 
from this work exceed, or at least are equal to, those 
obtained using Baldwin’s equation, in all instances, 

The considerations of this article suggest strongly 
(but are insufficient to prove) that the rocks of the 
mare floors are sedimentary in origin. On this basis, 
they should be softer than the rocks of the highlands, 
and not basalt from lava flows. This view is dia. 
metrically opposed to those generally current. That 
the maria are vast pits filled with dust, as asserted 
by Gold‘, is rendered highly unlikely by observed 
dimensions of craters formed in clay and marine 
muck'*, lLeast-square lines for craters in these 
materials, analogous to those for hard rock and soft 
rock, appear in Fig. 2; the order of decreasing shear 
strength corresponding to the curves is to the right. 
Since dust has negligible shear strength, the points 
for the lunar craters of Class LS with smallest dimen- 
sions should be displaced far to the right in Fig. 2 
if Gold’s hypothesis were correct. Hence, the dust 
on the Moon, the presence of which is revealed by 
analysis of eclipse and radio observations’, is super- 
ficial in distribution. 


Vol. 188 


Craters in Water 


Baldwin's correlation curve applies only to lunar 
craters of Class I, as do the curves discussed in the 
preceding section. The remaining craters have been 
classified by Baldwin in Classes II, III and IV, in 
order of increasing age on the basis of apparent 
degree of erosion. When the dimensions of these 
craters are plotted in a diagram of the type of Fig. 2 
the points lie in a broad band above the curves for 
Class I, at distances correlated roughly with the 
ordinal numbers of the classes. The nine craters of 
Class IV for which the representative points are dis- 
placed farthest from the curves for Class I have been 
placed in a separate Class V in this work. These 
craters are Hoérbiger, Grimaldi, Schickard, Hippar- 
chus, Ptolemzus, Neper, Letronne, Hansteen and 
Encke. The locus of the corresponding representative 
points in Fig. 2 represents the upper bound of the 
band in which all the lunar craters lie. 

Baldwin explained the upward progression of the 
representative points with ordinal class of the craters 
in a plot similar to Fig. 2 as purely an effect of some 
unknown erosive process, filling the bottom at the 
expense of the rim after crater formation. A similar 
explanation is inherent in Gold’s arguments‘, but 
suggested erosive agents?” seem insufficient. It will 
be asserted that the basic cause is a progressive 
change of the circumstances in which the craters 
were formed initially, corresponding to the gradual 
loss of the Moon’s hydrosphere. Specifically, the 
relative dimensions of a crater were fixed by the 
depth of the water in which the meteorite exploded 
to produce the crater. The craters of Class V are the 
oldest and were formed when the hydrosphere was 
at its maximum depth. The physical arguments of 
Gilvarry and Hill’? can be used to show that the 
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impinging meteorite must explode close to the surface 
of the water. It is not denied that erosion is of some 
consequence in modifying the relative dimensions of 
lunar craters, but the process is assigned a secondary 
role in this connexion ; however, the correlation of 
age and eroded appearance of a crater is assumed 
valid. 

Glasstone**® gives curves for the dimensions of 
craters formed by nuclear bombs in strata lying 
under water, with the seat of the explosion close to 
the water surface. The curves apply specifically to 
a water depth of 18 m. for a bottom of soft rock, 
but conversion factors for a bottom of hard rock are 
given. It has already been established that the 
maximum depth of the lunar hydrosphere was at 
least 1 km. and possibly 2 km. Inspection of Fig. 2 
reveals that these figures represent the order of the 
depths for craters of Class V. Accordingly, the 
dimensionless parameter u defined by : 


No. 4754 


u = 8/d (4) 


in terms of the water depth 3 must have had closely 
the value unity for these craters, on the assumption 
that they are among the oldest. Therefore, to relate 
the lunar craters of Class V with terrestrial explosion 
craters, it is reasonable to make the correlation with 
explosion craters for which u = 1. The dimensions 
of two craters satisfying this prescription, Glasstone 
(H) and Glasstone (S) for a bottom of hard and soft 
rock, respectively, have been obtained from Glas- 
stone’s data and plotted in Fig. 2. 

Since the points in Fig. 2 for the lunar craters of 
Class V lie at an extreme displacement from the 
curves for Class I, it will be assumed that they were 
formed in hard rock, in agreement with the relative 
positions of the points for Glasstone (H) and Glasstone 
(S). Their dimensions were fitted by a relation of 
the form : 


D = a,d (1 + (a/a,)"] (5) 


where a, was fixed by means of Glasstone (H), and 
the coefficient a, and exponent n were determined 
by a least-squares fit to the data. The corresponding 
curve is shown in Fig. 2 (labelled hard rock). One 
sees that the points for Glasstone (H) and Class V 
lie on one smooth curve, roughly parallel to those 
obtained for the craters of Class I. The curve is not 
changed appreciably by an alternative choice of the 
dimensions of Glasstone (H), if the parameter of 
equation 4 lies in the range 1/10 < p < 2. 

The lunar maria can be divided into two broad 
classes. One class shows irregular borders. The other, 
of which Mare Imbrium is the archetype, i> charac- 
terized by a nearly circular outline and the presence 
of an encircling ring of mountains, with an escarp- 
ment on the inner wall and a. gradual slope on the 
outer face. It will be hypothesized that the maria of 
Imbrian type were formed by explosions of large 
meteorites, occurring at a time when the lunar 
hydrosphere exhibited roughly its maximum depth. 
If such were the case, the dimensions of these maria 
should show a correlation with those of the craters 
of Class V and Glasstone (#). 

Values for the diarneters of the maria have been 
given by Baldwin; the diameter was considered to 
extend fully to the encircling mountains (the Altai 
in the case of Mare Nectaris). The maximum height 
of these mountains can be taken as a first approx- 
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Deep Bay and the outline of the extinct Pleistocene lake. The 
crosses indicate spot elevations, with heights in metres above the 
present level of Reindeer Lake 


imation to the corresponding crater depth; values 
were taken from results of Schmidt**, in general. 
This estimate can be improved by including a cor- 
rection for the depth of the sediments in the mare 
basin. As an upper limit, Baldwin gives roughly 
2 km. as the depth in question for the maria; this 
value was adopted for the largest mare (Imbrium) 
and scaled linearly with diameter for the others. 
Representative points determined in this manner are 
shown in Fig. 2 for Mare Imbrium, Nectaris, Seren- 
itatis, Crisium and Humboldtianum. One sees that 
the points lie closely on the curve already determined 
from mensuration of Glasstone (H) and the craters 
of Class V. 

As compared with the corresponding argument for 
the craters of Class I, the reasoning indicating that 
the Imbrian maria, the craters of Class V, and 
Glasstone (H) form one family lacks a link in the 
form of terrestrial meteorite craters. However, a 
meteoritic crater exists which one can argue reason- 
ably must have been formed in water. . This crater 
is Deep Bay**, which is a nearly circular appendage 
of Reindeer Lake in northern Saskatchewan, Canada, 
as shown in the map of Fig. 3. It has not been possible 
to fix the geological age of this crater with any degree 
of certainty. However, Reindeer Lake occupies the 
site of an extinct Pleistocene lake of considerably 
larger area, as Fig. 3 shows*!. If Deep Bay actually 
is of Pleistocene age, it most probably was formed in 
water, and the spot elevations above the level of the 
present lake appearing in Fig. 3 indicate a value 
u s 1/2 for the parameter of equation 4. 

Deep Bay was formed in schist and gneiss, and 
thus in soft rock on the criteria adopted. To con- 
struct a curve for meteorite craters formed in water 
for a bottom of soft rock, a, of equation 5 was fixed 
by the dimensions of Glasstone (S), and the values 
of a, and n were taken as already determined from 
the craters of Class V. The resulting curve is shown 
in Fig. 2 (labelled soft rock). One notes that the 
point for Deep Bay lies on it closely. The bottom 
of Deep Bay has not been bored, but would have to 
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consist of roughly 1 km. of glacial debris for the 
representative point in Fig. 1 to fall reasonably close 
to the curves for craters of Class I. Such a large 
value is inconsistent with the fact that at least one 
glacier passed over Chubb but left relatively little 
glacial deposit in the crater; it is necessary to 
presume that freezing of the lake in a crater protects 
it from glacial filling**. Note that the points for both 
Deep Bay and the lunar maria have been fitted 
without making use of their dimensions in con- 
structing the fitting function. 

If the dimensions of the lunar craters of Classes II, 
IIT and IV (exclusive of V) are fitted separately in 
each case, the corresponding curves lie between those 
for Class I and the curve determined by Glasstone 
(H) and the craters of Class V, in a progression cor- 
responding to ordinal number of the class. On the 
thesis of this article, this progression corresponds to 
formation of craters at temporal stages in the dis- 
sipation of the lunar hydrosphere, where the average 
water-level was below the maximum. Terrestrial 
analogues of these craters of intermediate type prob- 
ably exist in the Campo del Cielo crater field®* in 
Argentina. The meteorite fall occurred in marsh- 
land; the dimensions of one of the largest craters 
are known with reasonable accuracy from excavation 
and the corresponding point occupies an intermediate 
position relative to the curves of Fig. 2. 


Discussion and Conclusions 


It is clear that the presence of a lunar hydrosphere 
of the age calculated yields a direct explanation of 
the progression of relative dimensions of the craters 
in the various classes, of the origin of the maria, and 
of the nature of the mare floors. It is ironical that, 
on these views, the name mare is correct on the basis 
of provenance. 

The considerations of this article have a direct 
bearing on the problem of the origin of tektites. 
Nininger** has proposed that these glassy objects are 
fragments of rock fused initially by meteorite impact 
on the Moon and ejected from the lunar surface by 
the force of the explosion. The second melting phase 
displayed by these objects then occurred during 
supersonic passage through the Earth’s atmosphere. 
Objections to the possibility of a swarm of bodies 
from the Moon falling on the Earth in a compact 
cluster seem to have been disposed of recently by 
Baker**. Thus, the theory yields properly two periods 
of fusion, the observed flow structure and shape of 
these objects, and the distribution over the Earth’s 
surface. 

However, the chemical composition of most tektites 
is similar to that of argillaceous sedimentary rocks, 
and the view that such rocks could not be present 
on the Moon has precluded general acceptance of 
Nininger’s idea. This objection is met fully by the 
considerations of this article. Erosion explains the 
presence of quartz particles in the lunar sediments, 
required to yield the lechatelierite observed in tek- 
tites. Thus the theory in question is the only 
one satisfying all the requirements laid down by 
Barnes**. 

It remains to explain the dark colour of the maria. 
Since only a small amount (less than 5 per cent) of 
organic carbon in a sediment is sufficient to yield a 
dark rock of low reflectivity’, it will be postulated 
that a primitive form of life existed in the lunar 
hydrosphere. All the requirements for biopwsis were 
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once met on the Moon**, in view of the existence fo, 
an extended time of an atmosphere and hydrosphere. 
Their presence would reduce the daily range of tem. 
perature below that at present observed! ; if the 
albedo of the primitive atmosphere of the Moon wep 
comparable with that of the Earth, the mean surfac, 
temperatures would be the same**. The time-scale jg 
favourable to the possibility in question, since the 
oldest known fossil plant (an alga) is at least 2-6 , 
10° years old**, indicating that life began on the Earth 
within a period less than 2 x 10° years of its origin, 
This maximum span for biopeesis to occur is less by 
1 x 10° years than the minimum life-time shown for 
water in Fig. 2. Thus, one can speculate that life 
originated on the Moon through the process postulated 
by Oparin*’. The initial steps were the formation of 
fairly complex organic molecules through the action 
of solar ultra-violet radiation and lightning discharges 
on atmospheric gases, as reproduced to some extent 
in the laboratory**. 

A positive clue exists that life once existed in the 
lunar hydrosphere. As this medium dissipated, the 
dark coloration in the maria of Imbrian type tended 
to recede from the bases of the encircling mountains, 
as is evident in the pattern of light and dark colour 
in the mare basins. The retreat is most prominent 
in the case of Mare Nectaris, where the dark material 
has regressed about 100 km. from the ring defined by 
the arc of the Altai Mountains**, but it appears also 
for Mare Crisium, Mare Serenitatis and Mare Imbrium. 
It is characteristic of living matter to follow the 
retreat of its habitat in this manner. 

The inferred presence of organic carbon in the 
maria and adjacent craters would explain in a natural 
way Kozyrev’s observations“* of the Swan bands of 
C,, as the result of sublimation of carbon by the 
heat of a meteorite impact. Accordingly, the 
observations can be explained without the need 
to invoke volcanism on the Moon, for which no 
visible evidence exists otherwise, on the thesis of this 
article. 

A full account of this work will appear else- 
where. 

I wish to thank E. W. Price, Dr. R. G. Greenler 
and Dr. W. 8S. Rothwell for discussions, and Helen 
Jackson for computational work. 
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PROGRESS OF CANCER RESEARCH 


YOME hundreds of investigations are described in 
~ the current annual report of the British Empire 
Cancer Campaign which in 1959 gave financial sup- 
port, directly or indirectly (£750,000) to more than 
1,300 investigators at numerous centres of research 
in Great Britain and the Commonwealth*. The 666 
pages of the report demonstrate, if that were neces- 
sary, that notwithstanding the immense industry 
expended, we are still a long way from the solution 
of cancer. 

The subject-matter of the report can be con- 
veniently subdivided into three main classes: (1) 
researches dealing with carcinogenesis, chemotherapy, 
demography, hormones and allied lines of work of a 
more biological or biochemical nature; (2) clinico- 
pathology and related themes; (3) physics, radio- 
biology, isotopes and radio-therapeutics. 

Perhaps the most interesting recent development 
in class 1 has been the additions to the catalogue of 
cancer-inducing viruses, namely, the filterable mouse 
leukemia agents of Gross, and the polyoma virus 





studied by Stewart which evokes tumours in a 
number of sites in mice. Work on these viruses is in 
progress at several research centres: Miller, at the 
Chester Beatty Institute, London, found that his cell- 
free filtrate prepared from the leukzmic tissue of mice 
of the high leukemia-susceptible strain AKR, when 
injected into new-born mice of the C,H strain pro- 
duced a low incidence of leukemia (13 out of 169 
mice developed the disease); the induction of 
immunological tolerance in C,Hf mice, produced by 
first inoculating them intravenously at birth with 
healthy spleen cells from AK mice, did not increase 
the susceptibility to leukemia by the injection of 
leukemic filtrate from AK’s at one month of age. 
Miller has also prepared filtrates from Gross’s own 
leukemic mice (C,;Hf/GS strain); these filtrates in- 
duced leukemia in 27 per cent of C,;Hf mice in 
Miller’s colony, which were much less susceptible to 
leukeemogenic filtrates from the tissues of AKR mice. 
The deoxyribonucleic acid and ribonucleic acid pre- 
pared by Kirby’s method from this very active 
filtrate retain some of their potency, for on injection 
into new-born C,Hf/GS mice, tumours of the salivary 
gland developed after a few months. Thymectomy 


+ * Thirty-seventh Annual Report covering the year 1959. Part 1: 
The Chairman’s Statement and the Accounts. Part 2: The Scientific 
Report of the Researches undertaken by the Central O 
Its Autonomous Councils in the United 

\ffiliated Organizations Overseas. Pp. liv +666. 
Empire Cancer Campaign, 1960.) 
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prevented leukzmia in strains inoculated at birth 
with leukemic filtrates even in strain C,Hf/GS, which 
gives 100 per cent leukemia in the normal non- 
thymectomized litter mates. 

Metcalf in Victoria points out that the thymus 
produces more than 75 per cent of the lymphocytes 
in C,H mice, and that pre-leukemic mice of the 
AKR strain show a 2-3 times higher daily production 
of lymphocytes than normal C,;H mice; when the 
AKR mice become leukzmic, the mitotic rate rises 
to twice as high as in the pre-leukemic animal. 

Salaman and Rowson, at the London Hospital, in 
work on the Gross and Stewart viruses, found that 
the inoculation of C,H mice with cell-free filtrates 
from leukemic tissue of AKR mice resulted in a high 
yield of tumours in less than three months; these 
were not leukemias but were tumours of the salivary 
glands and subcutaneous carcinoma and sarcoma 
(40 tumours in 15 out of 23 treated mice). These 
tumours were similar in type and distribution to 
those described by workers in the United States as 
initiated by the ‘P’ or polyoma virus; a few leuk- 
zmias appeared later, between 14 and 20 months. 
In further experiments some litters were found to be 
immune to the carcinogenic activity of P virus, 
while other litters were highly susceptible, which 
strongly suggested that immunity had been spreading 
through Salaman’s mouse colony and had effected 
complete protection in some litters, less or none in 
others. He found, also in agreement with Stewart 
and her colleagues, that tissue cultures of CBA mouse 
embryo cells treated with cell-free filtrates from 
lymphatic tissue of an AKR mouse bearing spon- 
taneous leukemia gave rise to a cytopathogenic and 
hemagglutinating agent; antibodies to this agent 
could be detected patchily distributed in his colony 
of mice, and the cell-free filtrates from the P virus- 
induced tumours contained antibody to the hem- 
agglutinating agent. Salaman observed that tumours 
of the salivary gland and subcutaneous tissue which 
had been induced in C,H mice by the inoculation of 
cell-free filtrate from leukemic tissue of AKR mice 
contained hemagglutination-inhibiting antibody 
which could well account for the failure of these 
filtrates to evoke tumours on injection into new- 
born mice. 

Orr and his collaborators at Birmingham have been 
investigating the chemical induction of ovarian and 
mammary tumours in mice of the 1F strain by 
painting the skin with 9%: 10-dimethyl-1 : 2-benz- 
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anthracene (DMBA). “In a recent experiment, 
ovariectomized mice were grafted with one ovary 
from a DMBA-treated mouse and one normal ovary. 
No ovarian tumours developed, showing that the 
presence of secretion from a normal ovary can prevent 
potentially neoplastic ovaries from developing into 
tumours. This falls into line with results obtained 
by other workers on the induction of ovarian tumours 
by X-rays or intrasplenic grafting, which techniques 
also fail in the presence of normal ovaries or adequate 
ovarian hormones.” Tumours of the breast in male 
mice resulted when the skin was painted with methyl- 
cholanthrene after pretreatment of the rudimentary 
mammary tissue by stimulation with the injection of 
cestrogen together with progesterone or the sub- 
cutaneous grafting of an ovary. Progesterone secretion 
seems to play an important part in this type of 
mammary tumour; virgin females of the C,,Bl 
strain are much more resistant to breast tumour 
induction by painting of the skin with methyl- 
cholanthrene, but if the mice are kept pseudopregnant 
by mating with vasectomized males and painted with 
methylcholanthrene or 9: 10-dimethyl-1 : 2-benz- 
anthracene, breast tumours appear in a very short 
time. 

Workers at the Nottingham centre and at the 
Royal College of Surgeons have been using the 
fluorescein-globulin staining technique studied by 
the Australians, King, Hughes and Louis, who also 
contribute an account of their experiments to the 
report; they originally found that a fluorescein— 
globulin complex combines with some components of 
the tissues to give fluorescent staining which could 
be observed in the microscope. It was found that 
“normal tissue stains but malignant tissues uniformly 
fail to stain and this applies to both experimentally 
produced and naturally occurring growths’. The 
cytoplasm of the cells took up the fluorescein— 
globulin stain, while the nuclei remained free from 
stain; but there were some exceptions, such as the 
tissues of the nervous system, hzemoglobinized red 
corpuscles, megakaryocytes and connective tissue 
cells, which all failed to stain. Red blood corpuscles 
which still retained their nuclei (normoblasts from 
human bone marrow and the nucleated cells of lower 
animals) showed nuclear instead of cytoplasmic 
staining, and when the connective tissue cells enlarged 
and showed a considerable amount of cytoplasm these 
stained in the normal manner. Cells in tissue culture 
stained during the first 3- or 4-days growth in the 
normal manner, but after the fourth day failed to 
stain. These results show that staining capacity 
cannot be considered a reliable test for malignancy ; 
the lack of staining has been put forward as the 
indication of a loss of some protein components in 
cancer tissue, but the unstainability of some normal 
tissues and of in vitro cultures of normal tissues pose 
questions demanding further investigation. 

At the Glasgow centre, work is in progress on the 
lung cancer — cigarette-smoking problem. ‘‘For six- 
teen countries surveyed, a close relationship exists 
between national consumption of cigarettes 20 to 25 
years ago and standardized mortality of men for 
lung cancer at the present time . . . an exception is 
the United States of America where the mortality is 
lower than would be expected from the apparent 
level of cigarette consumption.” The anomaly has 
apparently been solved by the measurement of the 
mean length of butt of smoked cigarettes in Britain 
and in the United States . . . “‘on the basis of average 
butt lengths discarded by British and American 
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smokers . . . it would appear that the America, 
smoker receives approximately 65 per cent of Britis, 
smoker’s smoke intake” (that is, the carcinogens 
contained in the tar of the smoke condensate), 

The incidence of cancer in Jamaica has bee, 
studied at the Cancer Registry in the University oj 
the West Indies. Statistical analysis shows tha 
compared with Denmark the overall incidence g 
cancer is approximately the same, but the sites of 
election are rather different. Cancer of the upper 
respiratory and alimentary tract and of the lip, 
tongue, cesophagus, liver, cervix and penis appear to 
be more common in Jamaica in both male ang 
female; but gastrointestinal malignancies are legs 
frequent. 

In the field of clinico-pathology the results obtained 
in exfoliate cytology as a means of detecting car. 
cinoma of stomach and prostate are of interest, 
Price’s report from Bristol suggests that the abnormal 
seasonal presentation of osteogenic sarcoma of 
adolescents may be related to the seasonal rhythm 
of the growth of bone. Prof. Hou’s investigation 
of primary carcinoma of the liver due to infestation 
with Clonorchis sinensis, suggests that the worm 
requires a high level of copper in its environment in 
order to maintain its physiological functions. The 
report from St. Mark’s Hospital is an admirable 
synopsis of significant clinical and pathological 
features of neoplastic disease of rectum and anus; 
the general results of the surgical treatment of rectal 
cancer for the period 1928-57 have been analysed, 
and among other facts revealed by this investigation 
are the following : the operation of combined excision 
of the rectum and sigmoid colon, which in recent 
years has replaced the older one of perineal excision 
almost to the exclusion of the latter, does not sig- 
nificantly improve the results in the less-advanced 
cases, whereas the survival for advanced cases is 
almost doubled. This advance has been made possible 
not by better surgery, nor is the operation itself an 
innovation, but by the improved anesthesia and 
pre- and post-operative care which modern technique 
has made practicable. Thirty years ago it was far 
more hazardous for a patient to undergo the more 
radical procedure. The chances of cure of carcinoma 
of the rectum are expressed as follows: if the 
operation is carried out on patients in whom there 
is still a reasonable prospect of cure, between 40 and 
50 per cent of the operation survivors are likely to 
be alive five years later. Some of those who have 
survived five years may succumb to a recurrence, 
but the majority of five-year survivors are likely to 
be cured. 

What is to be expected from tests for ‘cancer’! 
When extensive tumour deposits are present it is 
only reasonable to anticipate that there will be detect- 
able alterations in the body fluids. These may be of 
a purely secondary nature, such as the hypercalcuria 
and raised serum alkaline phosphatase which accom- 
pany gross bone involvement by tumour, or the 
raising of the erythrocyte sedimentation-rate associ- 
ated with tumour necrosis or ulceration. But a test 
is very rarely specific, although malignant tropho- 
blastic tumours and some cases of testicular tumour 
show a high serum and urinary level of chorionic 
gonadotrophin, assay of which may give a guide to 
the presence or not of functionally active tumour 
tissue in the body. Similarly, the malignant argent- 
affin cell tumours of the intestinal tract may be 
associated with a high urinary output of 5-hydroxy- 
indole-amino-acid. In general, however, no specific 
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alterations in metabolism, nor the production of 
abnormal substances is associated with the common 
cancers, for example, of the lung, bowel, and primary 
and secondary sex organs. 

In the paper from the Pharmacology Department of 
the University of Melbourne chromatographic tests 
applied to extracts of specimens of urine from 
‘ancer’ patients and control normal subjects have 
suggested the presence of weak organic bases in a 
concentration of the order of 1/10* in the urine of 
‘cancer’ patients. These substances, isolated in 
milligram quantities, have been crudely charac- 
terized by infra-red spectroscopy. A mention of the 
criteria used im the classification of these patients 
would have been helpful. The use of the term 
‘cancer patient’ is to be avoided unless qualified. 
The varieties and stages of development of cancer 
are so numerous, their patterns of evolution so 
different, with consequent variations in prognosis, 
that the term has no more significance than, say, 
‘infectious disease’ would have in a similar con- 
text. 

The special contributions made by radiation physics 

and applied radioactivity are now so broad, merging 
especially with biochemistry and radiobiology, that 
the task of reviewing them is difficult. Some reports 
in the present volume do indeed deal with purely 
physical problems, but in most of them the physical 
contribution is firmly integrated into programmes 
which are fundamentally biological. This must be 
good both for the physicists and biologists involved 
and is a welcome departure from the usual trend of 
scientific research, which is towards ever greater 
specialization. 

In radiotherapy, the most interesting points to 
note are the detailed work on the problems of using 
electron beams for therapy; the steady growth of 
interest in teleceesium units; and the development 
by the Radiochemical Centre of cxsium-137-loaded 
tubes, the advantages of which as a replacement for 
radium are being investigated at the Royal Cancer 
Hospital. Illingworth’s team at Glasgow has made 
notable advances in the technique of using yttrium-90 
rods for pituitary irradiation, as an adjunct to the 
treatment of breast cancer. The use of unsealed 
preparations of radioisotopes administered parenter- 
ally for radiotherapy continues to lag as it has done 
for some years. 

There have been no important new developments 
in the diagnostic use of radioisotopes, though several 
centres report improvements to existing techniques. 
Similarly, there are no new developments in isotope 
instrumentation ; and in one important respect, the 
assay of tritium in biological samples, demand now 
outpaces supply. At least two centres report that 
they are working on the improvement of existing 
techniques, and there is no doubt that if these could 
be made simpler and more reliable this particularly 
useful tracer would be far more widely used than at 
present. The British Empire Cancer Campaign might 
do worse than devote some of its funds to a solution 
of this problem, thus saving the wastage brought 
about by divided effort. 

Reading between the lines, one has an occasional 
feeling that, in the diagnostic and therapeutic fields 
especially, progress is not all it might be because 
various centres live too much in a world of their own. 
For example, it is clear from some of these reports 
that various hospitals have only recently begun to 
use the short-lived iodine-132 in place of iodine-131 
for thyroid testing. Others are still improving 
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their techniques for administering radiogold colloid ; 
and one has not yet passed beyond the primitive 
stage of using a heavily shielded syringe, presumably 
manually operated, for this purpose, which may 
well involve more than 100 me. of radiogold. 
Now the palliative use of radiogold for the treat- 
ment of pleural effusions has been well established 
for at least ten years, during which time many 
simple methods of remote handling have been 
developed and published. In view of this, and of 
current concern with occupational radiation pro- 
tection, it certainly looks as if some centres are 
leaving their improvements rather late in the day— 
though, of course, better late than never. 

As usual, it is in research that the techniques of 
radiation physics and radioactivity continued to find 
their greatest application. The main emphases are on 
the vexed question of the proportionality of dose to 
effect in causing cancer ; on the similar effect of dose- 
fractionation ; on the effects of prolonged radiation 
exposure ; and on the relationships between oxygen- 
tension and tumour radiosensitivity. Many centres 
are at work on these problems. The results are not 
startling ; what is more important is that they are 
solid and impressive. The radiation degradation 
mechanisms of cellular constituents continue to 
receive detailed investigation. 

In addition to this, many useful metabolic studies 
are reported. At the Royal Cancer Hospital it has 
been shown that diethylene-triamine-penta-acetic 
acid is more effective than ethylenediamine-tetra- 
acetate in removing americium-241 from the body. 
The same centre has made comparative studies of the 
absorption of the alkaline earths from the gastro- 
intestinal tract, showing, somewhat surprisingly, that 
the degree of absorption is not related to atomic 
weight, but that radium is more readily absorbed than 
barium. The Royal Cancer Hospital also continues 
its valuable work on environmental radioactivity 
and the natural activity of foodstuffs. The Depart- 
ment of Biochemistry at St. Bartholomew’s Hospital 
has continued its work on zinc metabolism, showing 
among other things, that erythrocyte zinc, in contrast 
to leucocyte zinc, is higher in leukemic than in 
normal blood. These are but a few of the many 
examples which might be quoted ; selection is really 
invidious. 

However, mention should be made of a new 
development by Mitchell’s team at Cambridge, 
because of its direct relevance to the important 
question of cancer chemotherapy. For six years they 
have been trying to produce labelled organic sub- 
stances which are selectively concentrated in tumour 
tissue. They have now succeeded, using tritium- 
labelled tetrasodium - 2 - methyl - 1,4 - naphthohydro- 
quinone diphosphate (synkavit) of very high specific 
activity. The therapeutic possibilities of this agent 
are at present under investigation. 

The size and, even more so, the method of present- 
ation of these reports combine to defeat any realistic 
attempt at adequate summary. This is a matter 
which has received adverse comment before. To 
some extent the problem is insoluble ; there are, and 
must be, dozens of authors, but some of these report 
in a few vague lines, others in several pages; and 
this disparity is not always related to the intrinsic 
importance of the work discussed. Some further 


editorial—or pre-editorial—advice to contributors is 
indicated. A much more serious objection is that the 
contents of the report continue to be laid out on a 
geographical basis, centre by centre. This system 
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not only has no scientific merit, it also renders the 
report as a whole almost unreadable because it is so 
disjointed ; and, in the absence of an analytical 
index (indeed, of any subject-index at all), nothing 
short of leafing through every one of its 666 pages 
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will allow the reader to form any clear picture of 
what is happening in his own and related fields of 
interest. D. G. Arnorr 
I. Hiecer 
A. LEVENE 


VOL. iss 


TEST TRACK FOR THE ROAD RESEARCH LABORATORY 


FT “HE Road Research Laboratory was founded in 

| 1933. In recent years the importance of the 
work being done both on road materials and methods 
of road construction and on traffic and safety pro- 
blems has been responsible for increases both in staff 
and the facilities needed. The Laboratory has thus 
long out-grown the field at Harmondsworth on which 
the first buildings were erected, and various other 
buildings within a radius of 5 miles of Harmonds- 
worth have been pressed into service. 

The first stage in bringing all the Laboratory’s 
activities together was accomplished on October 12, 
when the Laboratory’s special test-track was declared 
ready for service. This has been built on a triangular 
site of some 253 acres of undulating wooded country 
immediately north-west of the village of Crowthorne 
in Berkshire. This site is ultimately to house labora- 
tories, workshops, offices, a library and a canteen to 
provide all the facilities required for the Laboratory 
work and to accommodate some 750 members of 
staff. 

The new track has cost about £500,000 to build 
and will be used mainly for research into traffic 
problems and safety measures with special attention 
to the behaviour of vehicles at high speeds. The 
type of investigation proposed cannot be carried out 
on public roads with safety, but abandoned airfields 
have been used from time to time. 

The track is some 3 miles long, and is built in the 
form of a figure of eight, one loop being about twice as 
large as the other; the larger loop has a steeply banked 
bend leading to a straight portion 900 yd. long. For 
tests on stability during braking at high speed a car 
can thus take this bend at 60 m.p.h. left-handed, 
accelerate along the straight, which has a down- 
hill gradient of 1 in 25, and then, while the track swings 
away to the left, take a siding which continues the 
straight portion for some 200 yd. and leads to a 
terminal area some 300 yd. long and 80 yd. wide. 
A car can thus enter the termina] area at 100 m.p.h. 
and be braked to a standstill in perfect safety. This 
area will be used for investigations of the stability of 
vehicles in good condition and defective when per- 
forming emergency manceuvres involving steering, 
accelerating and braking. 

Much remains to be learnt about the steering 
characteristics of vehicles under transient conditions. 
Theory and experiment need to be closely linked in 
this work, and the two large paved areas afford 
unrivalled facilities for obtaining experimental data 
at fairly high speeds. One of the demonstrations 
during the opening inspection showed an experiment 
of this type. A car with unbalanced brakes entered 
the terminal area at high speed and spun round 
several times before being brought to rest. The 
long straight section, which has been termed the 
‘high speed’ section, is made up of six different road 


surfacings for skidding experiments. A storage tank 
containing 54,000 gallons of water has been installed 
on a nearby bank with pumps and pipes so that some 
800 yd. of this track can be kept wet during tests, 
This section of the track will thus enable investiga. 
tions to be made of the effect on skidding of the texture 
and other properties of the wet-road surface, the 
properties of the tyres used and the characteristics 
of the vehicle as regards steering, braking and general 
ease of control. 

The track as a whole will also be used for tests on 
vehicle lighting both on straight and curved roads 
with surfaces of different colours and textures, and 
also for comparison of different street lighting installa- 
tions under controlled conditions, both types of test 
being hazardous when carried out on public roads. 
The track will also provide a continuous circuit 
where driving habits and reactions can be studied in 
safety : a demonstration of the technique involved 
was given during the opening inspection. Two cars 
followed each other both in wireless communication 
with a fixed receiving station. The experiment was 
to determine safe following distances ; the first car 
carried out various manceuvres, and the braking 
reactions, throttle position, speeds and other data 
involving the cars were recorded at the receiving 
station on a moving chart. 

Where the tracks of the figure-of-eight cross, a cir- 


cular centre area has been built with a diameter of 


900 ft.; this is about the size of the grass area of Lords 
Cricket Ground. This centre area will be used to 
investigate large-scale problems of traffic control. 
Where the design of an intersection is being con- 
sidered, for example, the several possible alternatives 
can be set up with moveable barriers and kerbs, and 
can be studied with actual traffic; variations in the 
siting and operation of traffic signals, and other aids 
to the flow of traffic can also be investigated. 

In a complex network it may be possible to speed 
up the flow of traffic by a system of vehicle detectors 
and traffic lights controlled by a computer which 
adjusts the traffic controls according to the volumes 
of traffic signalled to it from the detector points. 
This central area will be available for practical tests 
of such systems. The track is also provided with a 
novel control feature. This consists of a straight 
wire running under the whole length, together with a 
series of wire loops at regular intervals. These wires 
can be made to emit various types of signal which 
can be picked up by electronic devices in the test 
vehicles and translated into instructions. Thus 
‘automatic pilots’ can be used in experiments involv- 
ing cars being crashed, and the loop system can be 
made to signal back to a driver the passage of a car 
over the loop in front. This system wili be used to 
explore the possibility of providing guidance to the 
drivers of vehicles in dense fog. T. LonspDALE 
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OBITUARY 


Sir Harold Spencer Jones, K.B.E., F.R.S. 

HaroLpD SPENCER JONES was born in Kensington 
on March 29, 1890, and died there on November 3, 
1960. He was educated at the Latymer Upper 
School, Hammersmith, and at Jesus College, Cam- 
bridge, where he was a wrangler and Smith’s Prizeman 
and also obtained first-class honours in Part 2 of the 
Natural Sciences Tripos. He was elected a Fellow 
of his College in 1914, but a year before this he was 
appointed chief assistant at the Royal Observatory 
at Greenwich. 

In 1923 he was appointed His Majesty’s Astronomer 
at the Royal Observatory of the Cape of Good Hope. 
He directed this Observatory with great vigour for 
ten years, and interested himself personally in both 
the spectroscopic work, contributing full-scale studies 
of Nova Pictoris and of Procyon as a double star, and 
also the astronomical work, investigating the constant 
of aberration, the mass of Venus and the Moon’s 
motion. He took the important decision to resume 
the Cape programme of parallax determinations, 
which had been set aside in favour of spectroscopic 
work. He, however, left the Cape before this pro- 
gramme was completed, and it was finished by his 
suecessor as H.M. Astronomer, John Jackson. 

In 1933 Sir Frank Dyson retired from the position 
of Astronomer Royal, and Spencer Jones succeeded 
him, being the tenth person to hold the office since 
the appointment of Flamsteed in 1675. His major 
work during his first years at Greenwich was the 
reduction of observations made on the minor planet 
Eros, with the end in view of securing an improved 
value of the solar parallax. Eros made a close 
approach to the Earth in 1901, the minimum distance 
on this occasion being 30,000,000 miles. Observations 
of its position were reduced by A. R. Hinks, who found 
a solar parallax of 8-807” + 0-0027” from photo- 
graphic measures and 8-806” + 0-004” from micro- 
meter measures. However, it was realized that Eros 
would make a much closer approach to the Earth in 
1931 (minimum distance 16,200,000 miles), and in 
1928 the International Astronomical Union set up a 
commission with Spencer Jones as president to 
organize observations on a world-wide scale in the 
forthcoming favourable opposition. The circum- 
stances of the opposition favoured observatories in 
the southern hemisphere, and in fact a great part 
of the weight of the determination came from observa- 
tions at the Cape, which Spencer Jones was then 
directing. Spencer Jones’s reduction and discussion 


| of the work was not published until 1941 ; he obtained 





the value 8-790” + 0-001”, a result which differed 
substantially from that of Hinks. Spencer Jones was 
an authority on the consequential changes in the 
inter-related constants of the solar system and dis- 
sussed the adjustment of them with great thorough- 
ness. 

In addition to his interest in the solar parallax, 
Spencer Jones took a deep interest in latitude varia- 
tion and in the accurate determination of time, and 
he ultimately replaced Dyson’s Shortt clocks with 
quartz clocks and commissioned a newly designed 
photographic zenith tube to determine both latitude 
variation, formerly determined with the Cookson 
floating telescope, and time, determined with a small 
reversible transit telescope. The photographic 
zenith tube was not brought into use until after 


Spencer Jones’s retirement in 1955; but the quartz 
clocks operated for many years under his direction, 
and he had the satisfaction of detecting with them 
variations in the rate of rotation of the Earth. This 
has important consequences on apparent motion 
of bodies in the solar system, which was a topic 
that Spencer Jones had already studied at the 
Cape. 

Perhaps as a result of his service at the Cape, 
Spencer Jones was led to the view that Greenwich had 
become permanently unsuitable for astronomical 
observation, by reason of atmospheric pollution and 
the development of street lighting. He therefore set 
about persuading the Admiralty that it was necessary 
to move the Royal Observatory from Greenwich to 
a country site. Approval was obtained in 1946, and 
Herstmonceux Castle, with its associated estate of 
372 acres, was purchased by the Admiralty: but the 
actual move proceeded somewhat slowly, the first 
stage taking place in 1948 and the move being incom- 
plete when Spencer Jones retired in 1955. He, how- 
ever, secured the building of premises outside the 
Castle such as to make the Royal Greenwich Observa- 
tory much better equipped than it had ever been at 
Greenwich and Abinger (the magnetic sub-station, at 
which a great deal of the time service was located), 
and the night sky at Herstmonceux has proved 
greatly superior to that of Greenwich. 

Spencer Jones also realized that the want of a large 
modern telescope had had a crippling effect on British 
astrophysics, and he led the astronomical profession 
in representing to the Royal Society, the Admiralty 
and ultimately the Treasury, that a large telescope 
should be built. Approval was given for the building 
of a 98-in. reflecting telescope, to be called the Isaac 
Newton telescope, and to be set up in the grounds 
at Herstmonceaux. The diameter of 98 in. was 
occasioned by the gift of a ‘Pyrex’ blank of that size 
by the McGregor Fund in the United States, a blank 
which had been made at the time of the casting of the 
blank for the 200-in. reflector. Again Spencer Jones 
did not continue in office long enough to see the result 
of this move, and in fact the project was delayed for 
a number of reasons. It is now expected that the 
telescope will be put into commission in 1966. 

Spencer Jones was the recipient of many honours. 
He was created a knight in 1943 and K.B.E. in 1955. 
He received the Gold Medal of the Royal Astronomical 
Society in 1943 and a Royal Medal of the Royal 
Society in the same year. He was highly esteemed in 
international circles, and was president of the Inter- 
national Astronomical Union from 1945 until 1948, 
and he held all the offices in the Royal Astronomical 
Society, being president from 1937 until 1939 and 
foreign secretary at the time of his death. He became 
secretary-general of the International Council of 
Scientific Unions in his retirement. His interest in 
horology was recognized by his being made president 
of the British Horological Institute, and he received 
its Gold Medal in 1948; and he was twice master of 
the Clockmakers’ Company—in 1949 and 1954. 
Perhaps his most important service to British 
astronomy consisted in his moving the Royal Observa- 
tory to the country and equipping it to take on an 
entirely new lease of life, and as such he occupies a 
distinguished position among the Astronomers Royal. 

R. v. p. R. WooLLey 
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NEWS and VIEWS 


The Royal Society: Officers 

Sm Howarp F.Lorey has been elected president 
of the Royal Society in succession to Sir Cyril Hin- 
shelwood. The new treasurer of the Society is Sir 
Alexander Fleck, formerly chairman of Imperial 
Chemical Industries, Ltd., and the new foreign 
secretary is Sir Patrick Linstead, rector of the 
Imperial College of Science and Technology, London. 
Sir Lindor Brown, Waynflete professor of physiology 
in the University of Oxford, and Sir William Hodge, 
Lowndean professor of geometry and astronomy in 
the University of Cambridge, have been re-elected 
biological secretary and physical secretary, respec- 
tively. 

Other members of Council elected were: Prof. 
J. F. Baker, professor of mechanical sciences in the 
University of Cambridge; Mr. R. P. Bell, reader in 
physical chemistry, University of Oxford; Dr. J. C. 
Burkill, University lecturer in mathematics, Univer- 
sity of Cambridge ; Prof. D. G. Catcheside, professor 
of microbiology in the University of Birmingham ; 
Prof. J. E. Harris, professor of zoology in the Univer- 
sity of Bristol ; Prof. T. M. Harris, professor of botany 
in the University of Reading; Prof. A. F. Huxley, 
Jodrell professor of physiology at University College 
in the University of London ; Sir Christopher Ingold, 
professor of chemistry in the University of London 
(University College); Dame Kathleen Lonsdale, 
professor of chemistry in University College, London ; 
Dr. R. A. Lyttleton, reader in theoretical astronomy 
in the University of Cambridge; Dr. R. G. Mac- 
farlane, reader in hematology, University of Oxford ; 
Prof. R. A. Morton, Johnston professor of biochemistry 
in the University of Liverpool; Sir Alfred Pugsley, pro- 
fessor of civil engineering in the University of Bristol ; 
Dr. C. J. Stubblefield, director of the Geological 
Survey of Great Britain; Sir Gordon Sutherland, 
director of the National Physical Laboratory ; Prof. 
C. H. Waddington, professor of animal genetics in 
the University of Edinburgh. 


Sir Howard Florey, P.R.S. 


Str Howarp Ftorey, professor of pathology in 
the University of Oxford, was born in Adelaide in 
1898, where he attended St. Peter’s College and the 
University, afterwards proceeding to Magdalen College, 
Oxford, as a Rhodes Scholar. After holding academic 
posts in the Universities of Cambridge and Sheffield, 
he was appointed to his chair at Oxford in 1935. He 
is well known for his contributions to experimental 
pathology and medicine, and especially for his work 
on the isolation, structure, therapeutic use and mode 
of action of penicillin, for which he was awarded the 
Nobel Prize for 1945, jointly with Sir Alexander 
Fleming and Prof. E. Chain (Nature, 156, 564 ; 1945). 
Among his many awards he has received a Royal 
Medal in 1951 (Nature, 168, 1017; 1951), and the 
Copley Medal in 1957 (Nature, 180, 1231; 1957) of 
the Royal Society. 


Applied Science in the University of London: 
Prof. B. G. Neal 


Pror. B. G. NEAL has been appointed to the chair 
of applied science with special reference to engineering 
tenable at the Imperial College of Science and Tech- 
nology, University of London, as from April 1, 1961. 


This chair was first established in 1955 with the aim 
of giving special attention to the common course for 
all engineering students at the City and Guilds 
College and was held by Prof. D. G. Christopherson 
(see Nature, July 2, 1955) until he resigned the chair 
on September 30 last. Prof. Neal had a distinguished 
undergraduate career at Trinity College, Cambridge 
where he won the Rex Moir, Ricardo, and Seeh, 
Prizes. After the War, he carried out research at 
Cambridge and at Brown University in the United 
States; after his return to Cambridge, he held 
appointments on the teaching staff until in 1954 he 
was appointed professor of civil engineering in the 
University College of Swansea. His research interests 
lie in the properties of materials, particularly struc. 
tures and welded joints, and he has published many 
papers on the theoretical and experimental analysis 
of the stresses in such structures. He is keenh 
interested in current problems of education for 
engineers, and the new expansion and development 
of engineering at Imperial College will doubtless afford 
Prof. Neal many opportunities for guiding engineering 
education along the right lines. 


ly 


British Scientific Policy and Research Effort 

In the debate on scientific policy in the House of 
Lords on November 9, Lord Adrian intervened to 
make two points. He stressed the importance of the 
science teachers and their work and of associating 
them with the necessary re-examination of curricula 
in science. His other point related to the scientific 
societies which played an important part in any 
organization for both pure and applied science. While 
there were no serious complaints about the arrange- 
ments between the State and the scientific societies 
during the past 100 years, or about Government 
goodwill towards these societies, their finances were 
now seriously threatened by proposals of the 
Pritchard Committee, that in future societies which 
are now exempt from rates should be liable to the 
extent of half the full rateable value of their premises. 
Few of them had substantial financial resources, and 
one consequence was likely to be a reduction in the 
publications of learned societies. Lord Hailsham said 
he was aware of the position in general, but under- 
took to look into the question, and he suggested that 
Lord Adrian should induce the societies to memorialize 
him or the Chancellor of the Exchequer on the subject. 

Referring to some of the gaps in the British research 
effort mentioned in the report of the Advisory Council 
on Scientific Policy, Lord Hailsham said that since 
the War the Government had financed the work of 
the National Institute of Oceanography, under the 
supervision of the National Oceanographic Council, 
to the extent of £1-5 million, and had recently 
approved the construction of a new oceanographic ship 
for the Institute costing about £750,000. He agreed 
that oceanography was essentially an international 
study, and he hoped shortly to have the opinion of 
the British National Committee for Oceanic Research, 
set up by the Royal Society, as to the part the United 
Kingdom could play. Various proposals involving 


intérnational co-operation in astronomy were being 
considered and his office was also in touch with 
developments through the British National Com- 
mittee on Astronomy of the Royal Society; he 
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thought it was important that there should be an 
early decision. The Government had accepted the 
Advisory Council’s recommendation regarding the 
use of the telescope and equipment maintained at 
Pretoria by the Radcliffe Trustees, and specific pro- 

sals for additional financial help to the work at 
this observatory were under consideration by the 
Department of Scientific and Industrial Research. 
The recommendation relating to the establishment of 
seismological centres at the Universities of Cambridge 
and Edinburgh was in the first place a matter for 
the Universities concerned, and Lord Hailsham 
understood that they had it under active considera- 
tion. He added that he had given some attention to 
the matter of financing the administration of scientific 
departments although this was primarily a matter 
for the University Grants Committee. 


No. 4754 


Overseas Trainees and Students in Britain 

Two recent booklets describe the increasing part 
being played by Britain ix the education and training 
of students from Commonwealth and other countries 
oversea. The first, “Overseas Trainees in United 
Kingdom Industry”, describes the opportunities 
available through scholarships provided by the British 
Council, Colombo Plan, Federation of British Indus- 
tries Overseas Scholarships and other agencies, 
as well as the actual scales of assistance provided by 
the agencies (Pp. 16. London: Federation of British 
Industries, 1960. 6d.). The booklet has been pre- 
pared by the Federation of British Industries and 
shows clearly that the development of such facilities 
is as essential for the long-term growth of the British 
economy as for the benefit of participating trainees 
and their sponsoring countries. The second, ‘“‘Over- 
seas Students in Britain”, is more concerned with 
what is being done by various welfare organizations 
to serve the 47,500 overseas students who are now in 
Britain (Pp. 34. London: London Overseas Dept. 
of the British Council, 1960. 1s. 6d. net). The 
booklet has been prepared by the Standing Committee 
of the London Conference on Overseas Students but 
has application throughout Britain. It may be 
obtained from the British Council, 3 Hanover Street, 
London, W.1. 


Science and Technology for 

Students in Britain 

In a written answer in the House of Commons on 
November 23, the Secretary of State for the Colonies, 
Mr. Iain Macleod, gave a table showing that of the 
2,230 students from territories under United King- 
dom administration studying technical or scientific 
subjects in the United Kingdom, 235 were studying 
pure science, 708 medicine and pharmacy, 867 
engineering and technology, 43 dentistry and 96 
agriculture. Many of the further 1,150 students 
taking courses for the Ordinary and Advanced Level 
examinations of the General Certificate of Education 
in the United Kingdom will have included science 
among their subjects. A parallel statement on the 
same day from the Secretary of State for Common- 
wealth Relations gave the number of science and 
technology students from member countries of the 
Commonwealth in 1959-60 as 3,125, of whom 687 
were in pure science, 1,203 in technology, 942 in 
medicine, 109 in dentistry, 129 in agriculture and 
forestry, and 55 in veterinary science. For the 
Federation of Rhodesia and Nyasaland the corres- 
ponding figures are: 19, 14, 33, 1, 8 and 11, giving 


Commonwealth 


a total of 86; and for the High Commission Terri- 
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tories the total was 6. In addition to 4,961 students 
from member countries of the Commonwealth enrolled 
in technical colleges in the United Kingdom in 
1959-60, many of the approximately 2,000 students 
from these countries studying in private colleges and 
of the 830 students in teacher-training colleges would 
have included science among their subjects of study. 


Government Grants to University and other 

Students 

IN answering a question regarding grants to 
students in the House of Commons on December 1, 
the Minister of Education, Sir David Eccles, said that 
the Government has decided on the general lines of 
the revised scale of parental contributions. Details 
of the scale, which will come into force in October 
1961, will be published shortly, after he has con- 
sulted the local authority associations. In addition to 
university students, the new scale will apply to 
students taking comparable courses in further educa- 
tion institutions and to teachers in training. No 
contribution would be required below £700—net 
scale income—and in general there would be a sub- 
stantial reduction in the parental contribution. The 
income tax child allowance would be continued and 
the cost of the proposed relaxation would amount to 
about £10 million in a full year. The relaxation is to 
be without prejudice to full abolition of the means 
test if on examination this proved to be the right 
course. It is intended that all local education 
authorities should apply the scale uniformly, and the 
application of the decision to Scotland is still under 
discussion. 


Training Nuclear Engineers and Reactor Physicists 

In written answers to questions in the House of 
Commons on November 24, the Parliamentary 
Secretary to the Ministry of Education, Mr. K. 
Thompson, as representing the Minister for Science, 
said that the University of Birmingham, the Imperial 
College of Science and Technology, Queen Mary 
College, London, the Universities of Manchester and 
Liverpool jointly, the University of Southampton, 
and the Scottish universities, jointly with the Royal 
College of Science and Technology, Glasgow, had 
applied for financial grants to cover the whole cost 
of building a low-power nuclear reactor, to provide 
better facilities for training nuclear engineers and 
reactor physicists. Sir Edward Boyle said that the 
Universities of Birmingham, Durham, London, Man- 
chester and Southampton already offered facilities 
for training nuclear engineers and reactor physicists, 
and during the period 1956-60 an average of 90 
students took postgraduate courses, and about 100 
students chose nuclear engineering or reactor physics 
as an option in their final undergraduate year. 


Report of the Faculty of Fisheries, Prefectural 

University of Mie, 1958-59 

THE University of Mie publishes both a Journal 
and a report for the Faculty of Fisheries and both 
seem to cover similar ground. In the reports (pub- 
lished annually since 1951) a good balance is main- 
tained between economic and non-economic subjects. 
Those of a practical application to fisheries are 
written in Japanese, usually with summaries in 
English, while the non-economic articles are, as a 
rule, in English. The periodical is well produced and 
has the support of leading Japanese scientists. In 
the reports for October 1958 and November 1959, 
which have recently become available, there are three 
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papers by 8. M. Shiino on Japanese copepod parasites 
of fish, and one on bopyrid parasites of Crustacea 
(3, Nos. 1 and 2. Otanimachi, Tsu, Mie Prefecture : 
Prefectural University of Mie). He has written very 
extensively in this journal and elsewhere on these 
two subjects and has added enormously to the 
Japanese fauna. T. Ito and T. Iwai have nine papers 
(with English résumés) on the ‘Mizukawari’ in eel- 
culture ponds. This is the study of the grazing 
effects of brackish-water rotifers, on the phyto- and 
zoo-plankton of the fish ponds, and the physical and 
chemical changes brought about during this season. 
There are also four papers by J. Horiguchi (with 
English résumés) on biochemical work on the shell- 
fish Pteria (Pinctada) martensii (Dunker) and Hyri- 
opsis schlegelii (v. Martens). Other articles deal with 
algae ; the fishing capacity of different nets for small 
trawlers operating on the Ise Bay grounds ; studies 
on fish-meat jellies ; and some ecological studies on 
fish. 


Cryogenics 

CrYOGENICS technology is no longer confined to 
the large-scale liquefaction of gases, nor is low- 
temperature research conducted solely in university 
laboratories. The increasing use since the Second 
World War of cryogenic propellants, of liquid hydro- 
gen for deuterium separation or bubble chambers and 
of liquid helium for superconductive computer 
elements and other electronic devices, illustrates the 
recent intensified and varied application of cryogenic 
methods. A warm welcome will therefore be given 
to the new quarterly Cryogenics, since it is the first 
international journal to be devoted solely to all 
aspects of applied or basic low-temperature research, 
engineering and development (1, No. 1; September 
1960. Pp. 64. London and New York: Heywood 
and Co., Ltd., 1960. Subscription rates: £5 per 
annum (4 issues); 15 dollars; 90 NF.). The three 
joint editors, Dr. K. Mendelssohn (Great Britain), 
Dr. R. B. Scott (United States) and Dr. L. Weil 
(France), are supported by eleven advisory editors, 
who are all well known for their high reputations as 
active low-temperature research workers. The con- 
tents of the first number of Cryogenics consist of a 
review article by Dr. N. Kurti on the subject of 
cooling by adiabatic demagnetization of nuclear 
spins ; nine original contributions with abstracts in 
English, French, German and Russian; two letters 
to the editors aad two book reviews ; and a biblio- 
graphy of cryogenic literature covering the period 
January—May 1960. A complete bibliography up to 
date of all papers on low-temperature research, 
which has been made available to the editors by 
Arthur D. Little, Inc., is to be published in a special 
supplementary issue of Cryogenics, and two review 
articles scheduled for future issues are, ‘New Methods 
of Producing Cold”’, by H. O. McMahon, and “Irradia- 
tion at Low Temperatures”, by L. Weil. 


Use of Natural Gas in Britain 


Mr. P. G. INNEL CLEMENT, public relations officer 
to the National Coal Board (West Midlands Division), 
has written directing attention in amplification of the 
facts given in the article entitled “A British Source 
of Natural Gas” in Nature of October 29, p. 373, to 
what is being done to tap the natural gas resources 
of British coal mines. The extraction of coal causes 
fractures in the seams and in the surrounding strata, 
through which the trapped firedamp escapes into the 
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workings. The traditional way of dealing with it hag 
been to dilute it to safe proportions in the under. 
ground ventilating current, but in some coal seams 
the emission of methane is so high that there jg 
difficulty in diluting it to safe proportions. Tech. 
niques for draining methane in such circumstances ag 
these have been developed in the past ten years. 4 
technique now in increasing use involves drilling 
holes of narrow diameter, often 100 yd. long, through 
the strata at an angle of about 55° from the horizontal] 
as the coal working face advances, The holes are 
fitted with equipment for measuring the flow and 
pressure of the gas, and for taking samples. The gas 
is extracted by exhauster pumps, and piped to the 
surface or to some point underground where the 
ventilation is sufficient to disperse it safely. In an 
increasing number of collieries, methane drawn from 
the seams is being pumped to the surface and put to 
practical use. Gas obtained in this way is being used 
at the rate of 2,700 million cu. ft. a year, most of 
which is being piped to the works of Divisional Gas 
Boards. In the North Staffordshire area of the West 
Midlands Division, four collieries are contributing 
about 500 million cu. ft. a year to the national 
total, and in the past month a Shropshire colliery has 
started to supply methane to a gas works. The 
effects of methane drainage are twofold : it improves 
working conditions underground, particularly from 
the safety point of view ; and on an increasing scale 
it is putting a natural product to a practical use. 
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Safety Propaganda in Industry 


POSTERS are widely used in the interests of accident 
prevention but little reliable information exists as to 
their efficacy. A recent report from the Human 
Factors Section of the Operational Research Depart- 
ment, British Iron and Steel Federation, published in 
Occupational Psychology (34, No. 3; 1960), suggests 
that appropriately chosen posters may appreciably 
reduce certain kinds of industrial hazard. In an 
experiment with specially designed posters carried 
out in six steel works, Dr. 8. Laner and Mr. R. G. 
Sell have been able to show that the percentage of 
operations conforming with safety requirements 
(hooking of chain slings on to crane hooks) averaged 
over a six-week period after display of the posters 
rose very appreciably, in some cases by more than 
20 per cent. No comparable improvement was noted 
in a similar steel works in which no posters were 
displayed. Interestingly, the slingers often found it 
difficult to recall what the posters were and many 
doubted their efficacy. It is suggested that the 
effectiveness of the posters may have derived from 
their relevance to a specific working situation rather 
than to safety in general. This point should be borne 
in mind by all concerned with the design of safety 
propaganda. 


Shortage of Graduate Biochemists 


EvIpENCE of a shortage of trained graduate bio- 
chemists in the United Kingdom emerged during the 
recent Biochemical Society colloquium on “The 
Organization and Financing of Research in Bio- 
chemistry and Allied Sciences in Great Britain’”’ (see 
Nature, 188, 194; 1960). With the object of defining 
more closely the extent and the nature of this short- 
age, the views of those who employ biochemists are 
being sought. Information should be sent to Dr. K. 5. 
Dodgson, Department of Biochemistry, University 
College, Newport Road, Cardiff. 
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Diseases of Wild Animals 


Tue part that apparently healthy wild animals 
play as the carriers of the causal agents of serious 
diseases in domestic animals and man has increasingly 
occupied the attention of workers in many parts of the 
world for many years. The effect of disease on popula- 
tions of wild animals has not been so closely studied ; 
but its importance is well known to many ecologists 
and others. In a mimeographed paper recently issued 
by the Food and Agriculture Organization (McDiar- 
mid, A., “Diseases of Free-living Wild Animals”. Pp. 
91. Animal Health Branch Monograph No. 1. F.A.O., 
Rome, 1960), Dr. McDiarmid summarizes the 
information available about the diseases of wild 
animals and lists the recent literature up to 1955. 
The diseases are classified as those due to bacteria, 
fungi, viruses, protozoa, rickettsia, and neoplasms 
and tumours, and the author gives a brief review of 
what is known about each together with references 
to the literature. The paper is issued as a Food and 
Agriculture Organization ‘Working Paper” for 
circulation to veterinarians and others in the Organiza- 
tion interested in the subject. It is to be hoped that 
it may be made available also to the many workers 
outside the Organization who will find it an extremely 
useful work of reference. 
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Pre-History : Implements and Rock-Carvings 


THE July issue of Man contains several articles of 
general interest. The mystery of A. C. Carlyle and 
his collections from caves in the Morhana Pahar 
district of India has been elucidated by G. de G. 
Sieveking of the British Museum. It seems that 
many of the finds were bought by Dr. Sturge and are 
now in that celebrated collection at Bloomsbury. 
A. D. Lacaille illustrates a number of very large 
British Acheulean coups de poing, and a puzzling 
rock-carving from the Val Camonica is discussed by 
Dr. Anati of Paris. The site is near where the great 
glacial valley debouches on to the north Italian 
plain, and many rock-carvings there have been known 
for a long time. They include animals and humans 
treated in a conventional manner somewhat recalling 
the Copper Age paintings of Las Figuras in south-west 
Spain. The little group in question seems to indicate 
either a phallic or a ritual scene. The author suggests 
a date for this art group somewhere towards the start 
of the first millenium B.c. Is not this somewhat too 
early ? An interesting illustrated article on the 
Hainault scythe in England by G. E. Fussell and 
another on the ethnic origins of Zande office-holders 
are also included. 


Royal Meteorological Society: 
Scientific Activities Fund 


Grants from this Fund are intended to be used to 
assist attendance at meteorological conferences, and 
priority will be given to members of the Royal 
Meteorological Society. Applications from younger 
meteorologists will receive special consideration in 
order to give them the opportunity to present their 
work. Assistance may also be given in furtherance 
of meteorological research, or in support of a personal 
meteorological activity. Grants may also be made 
to European meteorologists who have been invited 
by the Society to visit Britain to give lectures or 
courses of lectures, or British meteorologists who have 
been invited to visit Europe for the same purpose. 
Applications, which should include details of estimated 
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expenditure, should be forwarded to the Assistant 
Secretary (Scientific Activities Fund Committee), 
Royal Meteorological Society, 49 Cromwell Road, 
London, 8.W.7, not later than December 15, 1960. 


Announcements 


THE Charles Léopold Mayer Prize for 1960 of the 
Société de Chimie Biologique has been divided 
between Prof. R. Monier, Maitre de Conférences de 
Chimie Biologique at the Faculté des Sciences de 
Marseille, and Dr. M. Beljanski, maitre de recherches 
at the Centre National de la Recherche Scientifique, 
for their work on nucleic acids and nucleoproteins. 
The Prize, which is awarded annually, has a value of 
5.000 NF. 


THE Paleontological Association is holding a 
discussion meeting on ‘“‘Palzeo-ecology”’ at the Depart- 
ment of Geology, the University of Glasgow, during 
December 16-17. Further information can be 
obtained from the Secretary to the Association, 
Dr. Gwyn Thomas, Department of Geology, Imperial 
College of Science and Technology, Prince Consort 
Road, London, 8.W.7. 


COMMENCING on January 14, 1961, Norwood Tech- 
nical College is holding a course of twelve morning 
lectures and appropriate practical work as “An 
Introduction to Micro- and Semi-microchemical 
Methods”. This course is particularly suitable for 
teachers, industrial and research chemists and is 
designed to survey the principal branches of chemistry 
in which small-scale methods have been successfully 
applied. Further information can be obtained from 
the head of the Chemistry Department, M. A. Fill, 


Norwood Technical College, Knights’ Hill, West 
Norwood, 8.E.27. 
THe Bradford Chemical Society, the Plastics 


Institute (Yorkshire Section) and the Department of 
Chemical Technology of the Bradford Institute of 
Technology, in conjunction with the Yorkshire 
Council for Further Education. are jointly holding a 
symposium on ‘New Developments in Plastics” at 
the Bradford Institute of Technology on February 
11, 1961. Further information can be obtained from 
the honorary secretary of the Bradford Chemical 
Society, R. P. Sheldon, Bradford Institute of Tech- 
nology, Great Horton Road, Bradford 7. 


THE University of Cambridge Physical Chemistry 
Summer School will be held again in 1961, during 
August 12-19, the general topic being “Fast Re- 
actions”. Further information can be obtained from 
Prof. R. G. W. Norrish, Department of Physical 
Chemistry, University of Cambridge. 


THE first international conference on “Proto- 
zoology”, organized under the auspices of the 
Czechoslovak Academy of Sciences, will be held 
jointly with the thirteenth meeting of the Society of 
Protozoologists in Prague during August 22-30, 1961. 
Further information can be obtained from Dr. 
Norman D. Levine, College of Veterinary Medicine, 
University of Illinois, Urbana, Illinois (not later than 
March 1), or Prof. Otto Jirovec, Charles University, 
Vinicna 7, Prague 11 (not later than April 1). 


ERRATUM: In the communication entitled ‘‘Pro- 
longed Survival of Human Sperm in chemically 
defined Media at Room Temperatures”, in Nature of 
November 26, p. 760, it is stated that the pH of the 
medium was initailly 7-1; this should read 7-4. 
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N January 1957 the British Astronomical Associa- 20 wave-lengths. Other similar instruments have and : 
tion formed a Radio-Electronics Section. Such a been operated at 50 and 36 Me./s. Experiments are had | 
move was quite consistent with the Association’s now being conducted with corner Vv reflectors and work 
interest in all branches of astronomy. Since the also large arrays of dipoles in the region of 19 Me. /s, proje 
fortunes of the amateur astronomer have always These experiments were initiated from a suggestion amo! 
been of interest to the professional scientist because by Dr. A. Hewish, of Cambridge. He suggested that Al 
of the successes that amateurs have had in astro- simple instruments such as these could be used to possi 
nomical research, it would seem that the time is ripe extend his own work in investigating the solar mers 
for a statement on the work of this new Section and corona into the low-frequency region of the electro- valu 
its contribution to amateur endeavours. magnetic spectrum’. With the narrow spacings of the The 
The great stimulus to the Section’s activities was interferometer aerials, a longer period of observation adm 
the launching of the first Soviet Earth satellite. Its is necessary to provide satisfactory results for separ- . I" 
members made both visual and radio observations of ating the radiations of the Crab Nebula from those Sect 
Sputnik 1 and Sputnik 2 which have been reported of the Sun, the two components being well integrated com 
elsewhere’. Since then, in co-operation with the on the records. A year’s continuous observations and 
Radio Research Station (Department of Scientific have been made at 27 Mc./s., and the operation of the scie 


and Industrial Research), an independent service has 
fed sixty visual observers with predictions in order to 
stimulate observations. Visual observations of Earth 
satellites are most necessary if a satisfactory predic- 
tion service is to be maintained. They are also an 
example of the usefulness of the amateur observer. 
Of recent months it has become necessary to consti- 
tute a subsection to deal with this new but major 
field of amateur activity. This revised policy has 
also caused a complete revision of the memoir on 
Earth satellites* which is to be published at the end 
of the year. In addition to the history of the radio 
observations, it will now include full details of visual 
observing methods, a summary of prediction methods 
derived from G. E. Taylor’s work? and a generaliza- 
tion of prediction techniques (as yet unpublished) 
suitable for application to all future satellites, due 
to K. Fea. 

Earth satellites were not intended to be the main 
activity of the Section. They have, however, taken 
up a large part of the time devoted to amateur radio 
astronomical activities during the past three years, 
and account perhaps for the not very spectacular 
developments in the field of amateur radio astronomy. 

Nevertheless, sufficient data have been collected by 
members of the Section to merit a recommendation 
for the publication of a memoir devoted to the design, 
construction and operation of radio telescopes. An 
interesting contribution by two of the contributors 
contains an approach to the design of large radio 
telescopes ; it is a combination of existing papers by 
Lovell*, Husband’ and Christiansen*, but it is 
thought to be a more comprehensive introduction to 
the mechanical, electrical and radio astronomical 
research problems involved’. 

However, at the real level of amateur research, the 
corner-reflector type of aerial as typically described 
by Carr* for use at low frequencies has been modified, 
and, although of smaller dimensions, is steerable in 
altitude. Such aerials can be built at relatively low 
costs and are suitable for use as the aerial sections of 
low-frequency interferometers. F. W. Hyde has 


successfully operated a phase-switching interfero- 


meter using these aerials at 27 


Mc./s. with a space of 


instruments is now reasonably well understood. The 
preliminary results of these investigations suggest 
that useful work can be done in this low-frequency 
part of the electromagnetic spectrum, and the rough 
analysis of the observations made during the 1959 
and 1960 occultations suggest a confirmation of 
Hewish’s theory. 

However, by far the most important factor has 
been the realization that with a network of similar 
interferometers operating at widely scattered points 
throughout the British Isles and operating on the 
same frequency it should be possible to assess the 
accuracy with which observations can be made in the 
low-frequency region. With each station providing 
similar observations, evaluations of the influence of 
the ionosphere and the true value of conducting 
research at the lower frequencies where the ionosphere 
plays such an important part in reception can be 
made. Two stations, at Beckford (Gloucestershire) 
and Clacton-on-Sea, are operating simultaneously on 
27 Mce./s., and it is planned to build instruments 
operating in the region of 19 Mc./s. at both these 
sites. 

In addition to the observations of the solar corona 
and the qualitative analysis of the effects of the 
ionosphere, it is intended to use these instruments 
in attempted observations of the non-thermal radia- 
tions from Jupiter. These observations will extend 
the information available on the continuity of storms 
through consecutive rotations of the planet, and 
since the same group of stations will be available for 
such observations further light should be thrown 
on the terrestrial ionospheric features of the emissions 
associated with this planet, which have been discussed 
by Gardner and Shain'®, and more recently in 
Nature by A. G. Smith et al.™. 

Apart from encouraging the beginner to construct 
simple radiometers for observing deflexions in the 
output as the aerial is pointed to Cygnus, Cassiopeia 
and the Sun, the Section has undertaken an unusual 
education programme. A portable radio interfero- 
meter operating at 200 Mc./s. (ref. 12) was designed 
for erection in school playgrounds. Lectures have 
been given to groups of schools, and several younger 
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members of Advanced Level (General Certificate of 
Education) standard have studied the history 
and techniques. The most interesting project has 
been in connexion with a project for sixth-formers. 
Two sixth-formers of the Salesian College, Battersea, 
with no previous knowledge of radio astronomy, were 
set a three-part project. The first part dealt with 
fundamentals, the second part with a simple practical 
project and the third was a dissertation on the two 
parts of the project followed by an oral examination. 
The boys were given only the minimum of information, 
and at the time of writing the first part of the work 
had been completed. The indications are that their 
work will throw considerable light on the value of 
project work with oral examinations being included 
among the methods of university selection. 

Although the Radio-Electronics Section cannot 
possibly compete with the professional radio astrono- 
mers, it is clear that there are a number of small but 
valuable research projects which they can perform. 
The time taken for the completion of the project is 
admittedly long. 

The other asset of the educational policy of the 
Section is that it has enabled a number of people to 
come into contact with the practice of the science 
and others to gain their first contact with this new 
science. These are important factors in a science 
where professionals are few and far between. 
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The financial support given by the Carnegie Trust, 
the Council of the British Astronomical Association 
and the encouragement of. the professional radio 
astronomers, and of the Department of Telecommuni- 
cation, Norwood Technical College, seem to justify 
the aims which the Section has set itself. These are 
aims which undertake a new responsibility for amateur 
science ; the provision of a new type of link between 
the scientist and the public : the provision of a liberal- 
ization for science in its increasing specialization— 
a liberalization that reminds people that in all the 
complexity of modern technological thinking it is 
still possible for an outsider in his own time and at his 
own inclination to come to grips with the mysteries 
of the universe. J. Heywoop 


1 Heywood, J., Proc. Roy. Soc., A, 248, 82 (1958). 

* Memoir of the British Astronomical Association on ‘Earth Satel- 
lites” (to be published Feb. 1961). 

* Taylor, G. E., J. Brit. Astron. Assoc., 69, 121 (1959). 

* Lovell, A. C. B. (Kelvin Lecture), Proc. Inst. Elect. Eng., 108, B, 
711 (1956). 

5 Husband, H. C., Proc. Inst. Civil Eng., 9, 65 (1958). 

* Christiansen, W. N., Prec. Inst. Rad. Eng., 20, 519 (1959). 

? Heywood, J., J. Brit. Astron. Assoc. Proc., 70, 116 (1960); J. Jr. 
Inst. Eng. Lond., 70, 209 (1960). 

* Carr, T. D., J. Brit. Astron. Assoc., 70, 185 (1960). 

* Hewish, A., Mon. Not. Roy. Astron, Soc., 118, 534 (1958). 

1© Gardner, F. F., and Shain, C. A., Austral. J. Phys., 11, 55 (1958). 

11 Smith, A. G., et al., Nature, 187, 568 (1960). 

12 Heywood, J., J. Brit. Astron. Assoc. (Sect. Rep.), 69, 26 (1958). 


THE TWENTY-FIRST INTERNATIONAL GEOLOGICAL 
CONGRESS 


HE twenty-first International Geological Con- 

gress was held this year in the Nordic countries, 
with excursions in Denmark, Finland, Iceland, Nor- 
way and Sweden, and with meetings in Copenhagen 
during August 15-25. The usual excursions were in 
three groups: those preceding the actual meetings in 
Copenhagen ; one-day excursions during the meet- 
ings; and longer excursions afterwards, some of 
which ended in mid-September. The number of 
geologists participating was about 2,500, coming from 
about a hundred various countries. 

Although the possibility had been touched on in 
1952, in Algiers, it was not until the 1956 meeting in 
Mexico that the invitation to geologists of the world 
to hold the Congress in the Scandinavian countries 
in 1960 was brought forward. After the invitation 
had been accepted, an organizing committee of the 
Congress was appointed by the geologists of the five 
countries. Its composition was as follows : Denmark, 
Arne Noe-Nygaard, Theodor Sorgenfrei and Christian 
Poulsen; Finland, A. Laitakari, P. Haapala, V. 
Marmo and H. Ignatius; Iceland, 8S. Thorarinsson, 
T. Tryggvason and G. Kjartansson; Norway, O. 
Holtedahl, T. F. W. Barth and J. A. Dons ; Sweden, 
K. A. Lindbergson, N. H. Magnusson, F. E. Wick- 
mann and E. Fromm. During the preparation period 
the organizing committee met from time to time in 
the different countries ; at shorter intervals executive 
secretaries from each country came together (Dons, 
Fromm, Ignatius and Sorgenfrei). It does not 
minimize the efforts of the members of the organizing 
committee as a whole that the splendid work carried 
out by Dr. Sorgenfrei, on whose shoulders the heaviest 
burdens fell, is specifically underlined. 





Of the excursions primarily offered, a few had to 
be cancelled for various reasons. The total number 
of guide booklets worked out was 42, amounting to 
more than 1,500 pages. As is usually the case, a 
considerable number of pre-sessional excursions were 
repeated as post-sessional tours. Of the guide book- 
lets, Denmark was responsible for 6, Finland 6, 
Iceland 1, Norway 17 and Sweden 12. The seventy 
excursions covered an area between Iceland in the 
west and eastern Finland in the east, and between 
southern Denmark in the south and Spitsbergen in 
the north. The subjects covered by the various tours 
extended from recent volcanism and _ hot-spring 
activity in Iceland to Caledonian orogeny in Norway, 
from the Pre-Cambrian of Sweden and Finland to the 
Cretaceous and Tertiary sediments in Denmark. 

The formal meeting of the Congress in Copenhagen 
was held under the patronage of H.M. King Frederik 
of Denmark. The first meeting of the Council was 
held on August 15. The opening of the General 
Assembly took place on August 16 in KB-hallen. 
Sefior Garcia Rojas, president of the Twentieth 
International Geological Congress in Mexico first 
spoke; then the assembly was addressed by the 
Danish Prime Minister, Mr. Viggo Kampmann, and 
finally the newly elected president, Prof. Arne Noe- 
Nygaard, took the chair. 

The following subjects had been selected for 
presentation and discussion, each subject corres- 
ponding to a section of the Congress : (1) geochemical 
cycles ; (2) geological results of applied geochemistry 
and geophysics; (3) Pre-Quaternary absolute age 
determination ; (4) chronology and climatology of 
the Quaternary ; (5) the Cretaceous-Tertiary boun- 
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dary; (6) Pre-Quaternary micropaleontology ; (7) 
Ordovician and Silurian stratigraphy and correlations ; 
(8) Late Pre-Cambrian and Cambrian stratigraphy ; 
(9) Pre-Cambrian stratigraphy and correlations ; (10) 
submarine geology; (11) regional and structural 
problems in oil geology; (12) regional palzeogeo- 
graphy; (13) petrographic provinces, igneous and 
metamorphic rocks ; (14) the granite—gneiss problem ; 
(15) genetic problems of uranium and thorium de- 
posits ; (16) genetic problems of ores; (17) minerals 
and the genesis of pegmatites ; (18) structure of the 
Earth’s crust and deformation of rocks; (19) Cale- 
donian orogeny ; (20) applied geology; (21) other 
subjects. 

As a new feature in the arrangement of the meeting, 
it may be mentioned that all papers selected for 
presentation were printed prior to the sectional 
meetings and delivered to the participants on their 
arrival—more than 4,000 pages. 

During the meeting, the following affiliated associa- 
tions and societies held meetings: International 
Paleontological Union, Association of Sedimentary 
Geologists, International Association of Hydrogeo- 
logists, International Mineralogical Association, 
Association des Services Géologiques Africains, 
Society of Economic Geologists, International Com- 
mission for the Study of Clays. A joint symposium 
was arranged by the Geochemical Society and the 
Geochemical Commission of the International Union 
of Pure and Applied Chemistry. The Karpato- 
Balkanic Association also held meetings. 

The following commissions of the International 
Geological Congress held meetings and reported to 
the General Assembly on the business meeting of the 
Congress on August 23: (a) International Commission 
on Stratigraphy, with several sub-commissions (Prof. 
R. C. Moore resigned, and a nominating committee 
for electing new officers was appointed with Dr. C. J. 
Stubblefield as chairman); the Commission to be 
continued. (6b) Commission of the Geological Map of 
Europe (Prof. A. Benz and v. Gaertner); the Com- 
mission to be continued. (c) Commission of the 
Geological Map of the World, with two sub-com- 
missions (Prof. M. F. Blondel) - the Commission to 
be continued. (d) Commissicoa on the Gondwana 
System (Dr. 8. H. Haughton) ; it was suggested that 
this Commission be made a sub-commission to the 
Commission of Stratigraphy (a) with four members, 
one from each of the following regions : South Africa, 
South America, Australia and India. (e) Commission 
on Meteorites (report by the secretary, Dr. M. H. 
Hey); Commission to be continued; Prof. E. L. 
Krinow was elected as the new president. (f) Com- 
mission for the Formation of an International Geo- 
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logical Abstracting Service (Dr. H. M. E. Schiirmann). 
first number of a geological abstracting journal wij] 
be issued in the beginning of 1961 by Pergamon 
Press. (g) Commission de la Crodte Terrestre (Prof. 
C. E. Wegmann and Prof. P. Fourmarier) ; it was 
proposed that the existing Commission be discon. 
tinued and that its functions concerning the estab. 
lishment of a lexicon of tectonic terms handed over 
to the sub-commission on the tectonic map of the 
world (under c above) and that a new organization 
be formed under the title, “Commission de (Co. 
ordination des Recherches Géologiques et (Géo. 
physiques”, with Prof. J. Goguel as president. (h) 
Commission for the Spendiarov Prize; members 
elected and functioning during the twenty-first 
session were the following: D. V. Nalivkin, J. M. 
Harrison, V. Marmo, M. Roubault and Th. Sorgenfrei, 

During the meetings an exhibition of geological 
maps, instruments and books was arranged in an 
exhibition building near the main site of the Con. 
gress. The Mineralogical and Geological Museum of 
the University of Copenhagen, also situated near the 
main site, was open daily during the period ; more 
than 3,000 visitors passed the main door during the 
ten days. 

At meetings of the Council of the Congress, 
traditional questions were treated in a traditional 
manner. Special treatment was given to the question 
of the formation of a Geological Union, which was 
prepared by the Bureau of the Congress before being 
presented to the Council for decision. The Council 
decided at its business meeting on August 23 to 
appoint an organizing committee for the formation 
of an International Geological Union. It was further 
decided that the organizing committee should prepare 
draft statutes of the Union in order to get it estab- 
lished in 1961. This committee consists of the 
following members: N. Belyaevsky (U.S.S.R.), W. 
Smulikowski (Poland), B. C. Roy (India), J. M. 
Harrison (Canada), T. B. Nolan (U.S8.A.), L. Hawkes 
(United Kingdom), R. Laffitte (France), E. Clar 
(Austria), H. M. E. Schiirmann (Netherlands), K. A. 
Lindbergson (Sweden), V. Marmo (Finland), A. Noe- 
Nygaard (Denmark), J. A. Dons (Norway) and T. 
Sorgenfrei (Denmark). 

At the closing meeting of the General Assembly on 
August 25, Dr. Sigurdur Thorarinsson, of Reykjavik, 
was awarded the Spendiarov Prize for his outstanding 
voleanological and tephrachronological studies in 
Iceland. Then representatives of former host coun- 
tries greeted the Congress, and Dr. Roy, from India, 
looked forward to seeing members in 1964, at the 
twenty-second Congress, in his country. 

ARNE NOE-NYGAARD 
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POLLINATION BY INSECTS 


“POLLINATION” was the subject of a symposium 

held during August 12-14 at Copenhagen prior 
to the eleventh International Congress of Entomology 
in Vienna. The symposium was presided over by 
Prof. Eric Akerberg of the Swedish Seed Association, 
and the final sessions took place at the Association’s 
plant breeding station at Svaldf. 

The importance of bees as insect pollinators has 
long been recognized in the production of fruit and 
seeds of insect-pollinated plant species, and it was 
therefore natural that the majority of papers were 








concerned with bees. In the seed production of 
red clover, it was clear that humble bees were useful 
pollinators in every country, but the value of honey 
bees varied from country to country. The special 
difficulties of obtaining satisfactory seed yields from 
tetraploid red clover, however, appeared to be due as 
much to abnormal pollen as to the lack of suitable 
pollinators. 

Several speakers reported work on the habits of 
humble bees, and various attempts to increase the 
population of the humble bee were described. Danish 
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workers reported that certain species of humble bee 

had now been kept in domestication for several years, 

and this had enabled a much more detailed investiga- 

tion of their breeding habits than had formerly been 
ible. 

The use of ‘scent direction’ to improve the value of 
honey bees as pollinators was discussed by several 
contributors, but results had been somewhat varied, 
and it was evident that further work on this important 
subject is needed. Attention was directed to the 
varying composition of nectar between the different 
plant species, and the possibility that this might 
influence pollination was discussed. The pollination 
of lucerne, the subject of another session, was covered 
by papers describing work on this subject in North 
America. 

At the closing session of the symposium, the 
following conclusions were agreed. 

(1) An annual census of bumble bees would be 
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¥ desirable in order to identify trends in populations 


that could be associated with changing agricultural 
practices. ; 
(2) Solution of the seed production problem in 
tetraploid red clover will require continued effort by 
plant breeders, pollination specialists and biologists. 
(3) Greater effort should be given to obtaining a 
better understanding of the basic relationship between 
pollinators and flower. Identification of morphologi- 
cal or physiological links in those species of bees 
having a restricted host-range would be worth while. 


N international colloquium, held under the 
A auspices of the Centre National de la Recherche 
Scientifique, was held at Grenoble during September 
24-October 1. The subjects discussed covered the 
generation of electrical power by electrostatic means 
and the applications of these machines. It is believed 
to have been the first international conference 
devoted entirely to the science of electrostatics. Due 
to the presence of Prof. N. J. Felici, who is the holder 
of the chair of electrostatics at the University of 
Grenoble, this was a natural meeting place, and more 
than 120 engineers and physicists gathered there. 

Appropriately, after a description of the early days 
of electrostatic machines in Grenoble, given by 
Prof. L. Néel, the lectures were inaugurated by Prof. 
Felici’s discussion of the types of electrostatic 
generator and his hopes for the next ‘generation’ 
of electrostatic machines. This, in conjunction with 
a talk by Prof. J.G. Trump of the Massachusetts Insti- 
tute of Technology, indicated in broad outline the 
scope of present possibilities and the problems of 
the future. There were two types of electrostatic 
generator in current use: first, the Van de Graaff 
belt-type machine, and secondly, the Felici insulating 
transporter cylindrical machine. Both have their 
advantages and disadvantages. Briefly, for high 
voltages and very low currents the Van de Graaff is 
better, and for low voltages (below one million volts) 
and higher currents (up to 50 m.amp.) the Felici 
machines are better. For long-term continuous 
running, the cylinder machine is undoubtedly more 
reliable, but in its present state of development it 
cannot provide the very high voltages or current 
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(4) Pollination should be considered as one of a 
number of factors, and consideration should be given 
to them all when studying seed production. In- 
creased effort should be given to domestication of 
bumble-bees. However, much more basic informa- 
tion needs to be developed before the full potential 
of this endeavour can be realized. 

(5) Exchange of pollinators between countries 
should be encouraged. An effort should be made to 
provide the proper pollinator for a given crop. This 
can be done by growing the crop where pollination 
occurs naturally, or by providing the pollinator 
where it does not occur naturally. A survey of all 
known pollinating insects for clover and alfalfa is 
required. 

(6) Honey bees should be exploited to the maximum 
extent possible. Information concerning this pollin- 
ator is greater than for any of the others, and should 
be utilized. 

(7) Scent training should be studied further ; but 
identification of the volatile products in flowers 
would seem to be necessary in order to advance this 
phase of the work. 

These recommendations, with the papers read at 
the symposium, are to be published in due course. 
The secretary of the symposium was Dr. Ole Hammer, 
assisted by Dr. Tom Mittler, Statens Biavlsforsog, 
Strodam, Hillerod, Denmark. 

R. P. Hawkins 
M. S. PERCIVAL 


GENERATION AND APPLICATION OF ELECTROSTATIC POWER 


that may be required. Prof. Trump discussed also 
a further type of electrostatic generator, the disk 
machine. This is by no means a new development, 
and on show at the colloquium was a very early 
disk-type generator built in the late 1940's at 
Grenoble. However, it seems to be generally agreed 
that this type of design has the greatest development 
possibilities, particularly for space travel, where the 
problem of insulation is much reduced. 

Several papers were presented which discussed 
the application of this type of electrostatic generator 
for ion propulsion. Considerable research is being 
carried out both in France and the United States on 
electrostatic machines for this purpose. The design 
of a generator delivering 1,250 kW. at 200 kV. is 
being investigated at the High Voltage Engineering 
Corporation in Massachusetts. Parallel work is 
proceeding in France. 

The future development of the cylinder machine is 
being investigated to increase the currents available, 
and other dielectrics, including various liquids, are 
being studied. Questioning elicited visualized re- 
quirements in the region from 100 kV. at 100 m.amp. 
to 1 MeV. at 1 amp., but no concrete suggestions as to 
how this might be achieved were agreed. The 
emphasis on ion engines for space travel was supple- 
mented by a talk on electrohydrodynamic energy 
conversion by a representative of the U.S. Air Force. 

Engineers who have been involved in the practical 
problems of designing the Felici generators and 
producing a standard range of models for industry 
gave a fascinating insight into the complexities of 
electrostatics as opposed to the comparative simplicity 
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of electromagnetic machines, despite the duality 
which exists between them. There is no doubt that 
the shortage of technology on this subject is retarding 
Never- 
theless, an impressive array of standard machines 
were described, and on a subsequent visit to the 
factory of Société Anonyme de Machines Electro- 
statiques in Grenoble the members of the collo- 
quium were able to see the ideas of Prof. Felici 
machines 
for electrostatic deposition of paint to the large 
600-kV. and 1-MeV. generators for accelerators and 
other nuclear applications, one cannot help but be 
When 
it is realized that the continuous operation of these 
generators for thousands of hours with negligible 


the advance of the electrostatic machines. 


in concrete form. From the smallest 


impressed by the progress of this technique. 


maintenance is regarded as commonplace, an appre- 
ciation of the status of the technique is possible. 


Of particular interest on the nuclear side were the 
neutron generators capable of delivering fluxes of 


neutrons up to 10"! neutrons per sec. Continuous 
development aimed at greater fluxes with smaller 
machines is being carried out. 

To sum up, the position of the electrostatic genera- 
tors at the present time is not easy. Both the French 
and American experts expressed faith that the present 
machines are the first in a field capable of great 
development. Discussion gave glimpses of actual 
development models in course of construction at the 
present time. Whether certain fundamental difficul- 
ties will obstruct this advance or whether new 
techniques will emerge remains to be seen. What- 
ever happens, great resources of money and labour 
will have to be made available. 

The remainder of the lectures dealt with the 
applications of electrostatic machines. Two very 
interesting papers were read, one by Dr. W. D. 
Allen (Atomic Energy Research Establishment, 
Harwell) and the other by Mr. F. A. Julian (Atomic 
Weapons Research Establishment, Aldermaston). 
They described the remarkable achievements of the 
staff of the United Kingdom Atomic Energy Author- 
ity in constructing two 12-MeV. tandem accelerators 
which have now been in operation for the past year. 
The many problems which they encountered and 
overcame were discussed and @ résumé of the experi- 
mental work carried out, both in the design of the 
machines and their subsequent usage, were given. 
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In the more commercial field of precipitation and 
mineral separation, the use of electrostatic generaton 
has, as yet, had little application apart from th 
deposition of paint. Demonstrations of the pain, 
precipitation plant show the fascinating possibilitig 
of electrostatic machines in industry. -The 100-ky 
unit is very small, approximately 24 in. long, 9 in. wig 
and 9 in. high, and completely safe. The operator 
may place his finger on the high-voltage termina] of 
the spray gun and feel very little effect. The gener. 
tor is very light and easily portable. Being sealaj 
in a high-pressure cylinder, it is impervious to all dir 
and damp. 

For other heavier precipitation processes, the 
electrostatic machine, so far, does not yet deliver 
sufficient current. Considerable research is going 
on in the United States in mineral separation, 
and, in Europe, on insecticidal spraying in agri. 
culture. 

Future applications in the nuclear field would 
appear to lie with neutron sources of higher fluxes 
than at present available. If fluxes of the order of 
10?*-10** neutrons per sec. could be produced econo. 
mically, there would be a demand from those at 
present forced to use reactors for activation experi- 
ments. There is some argument as to what an econo. 
mic figure might be, but there is a real hope that for 
an accelerator working at, say, 1 MeV., 4 m.amp. of 
ions in the beam of a beryllium target could produce 
a flux of 10'* neutrons per sec. From preliminary 
inspection it was severally agreed that the price of 
such a machine might be very attractive vis-d-vis a 
small reactor. A 1-MeV. accelerator and a high- 
current ion-source of this type was shown to the 
members of the colloquium. 

Both Prof. Trump and Prof. Felici touched on the 
possibility of power generation by electrostatic means. 
It may seem inconceivable that the electromagnetic 
power generators could be superseded by electrostatic 
methods for the generation of electric power for the 
grid system. However, a strong plea by Prof. Felici 
for research funds to be made available throughout 
the world for work in this direction was made. Prof. 
Felici cited the considerable advances achieved so 
far in the U.S.S.R., and the United States. Perhaps 
the domination of the present technology has 
blinded engineers to the possibilities in this other 
field. 
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BRITISH BOOKS AND PERIODICALS FOR USE OVERSEAS 


ie: a written answer to questions in the House of 
Commons on November 7 about Government In- 
formation Services, the Chancellor of the Duchy of 
Lancaster, Dr. C. Hill, made a long statement about 
the low-priced book scheme. The first group of 23 
text-books on scientific, engineering and other tech- 
nological subjects, he said, is now being produced, 
and the books should be available during the forth- 
coming buying season to students and others in 
India at 9s., 12s. or 15s. a volume, depending on size, 
diagrams, illustrations, etc. It was expected to 
discuss shortly with the Pakistan authorities the 
possibility of operating a similar scheme for that 
country. 

Dr. Hill gave a list of the titles which had been 
approved by the Advisory Committee, following 





consultation with the university authorities in India. 
The list involved more than 100,000 volumes and 
more copies would be produced as necessary. A 
further group of university text-books on these and 
other subjects would follow. The Advisory Com- 
mittee has also recommended further categories of 
books, similarly aimed at helping to meet the needs 
of readers in developing countries in Asia and Africa. 
One group of titles included would help people in 
these countries who wished to develop their know- 
ledge of English, or to extend their practical skills, 
and these volumes would be available in substantially 
larger numbers and at much lower prices than the 
university text-books. The Advisory Committee 
recognizes that some of its other recommendations 
involve books which need bringing up to date or 
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other adaptation and that this work requires detailed 
and expert study. The Publishers’ Association has 
now recommended to its membership the establish- 
ment of a consortium of publishers familiar with the 
export fields concerned or otherwise interested in the 
low-priced book scheme, which would pool the 
experience and resources of the trade in Britain and, 
in co-operation with local trade interests overseas, 
might further assist the Government’s programme. 

Dr. Hill also stated that an encouraging increase 
in the flow of British publications into Yugoslavia 
has occurred since the agreement with the Yugoslav 
Government was announced on April 14, and that 
the text of an agreement with the Israeli Government, 
providing for imports up to £400,000 a year of 
British books, periodicals, newspapers and certain 
kinds of gramophone records, was laid before the 
House on October 25. The Government of Indonesia 
is considering British proposals for an agreement to 
facilitate the import of British publications, and 
steps have been taken to overcome the difficulty 
arising from the system of import control used in 
Chile, which has led to an unsatisfied demand there 


No. 4754 
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for British books. The British Council has under- 
taken a considerable extension of its library services, 
and of the half-million books distributed by the 
Council in the past 18 months to its own libraries 
or other institutions all over the world, by far the 
greatest number have gone to Africa and Asia, 
especially to India, Pakistan and Ceylon. The range 
of learned periodicals covered by these libraries has 
also been greatly extended and many more presenta- 
tions have been made to institutions such as medical 
schools. 

In India and Pakistan, the Council’s multiple 
holdings of widely used text-books has been very 
greatly increased, and in the past four months 
some 45 Indian universities and colleges have begun 
to use this scheme; the Council’s services in these 
countries have also been improved by recruitment of 
a number of professional librarians to advise locally 
on the choice and direction of material and to 
organize the reference use of the libraries. Important 
presentations of books and periodicals have been 
made to colleges and other institutions in Nigeria, 
Ceylon, Burma, Viet Nam, Malaya and Indonesia. 


THE POST OFFICE RESEARCH STATION 


OME of the scientific and engineering work of the 

Post Office Research Station at Dollis Hill, 
London, was shown during its open days, September 
22-23. This Research Station serves the telephone 
and radio systems of the British Post Office, and also 
works on the mechanization of the postal service. 

The Post Office (in collaboration with the National 
Physical Laboratory and the Royal Observatory) 
broadcasts signals of standard time-interval and 
frequency, having precisions of the order of + 2 parts 
in 10%. This has required the production of quartz 
crystals of great precision and stability, and the 
development of techniques for mounting them and 
maintaining them in oscillation at constant tempera- 
ture. Further improvement in these time and 
frequency standards may require the use of cesium- 
beam resonators, one of which was shown working. 

Transmission along wave-guides at frequencies 
such as 35,000 Mc./s. is a possible method of long- 
distance communication. The intended mode of 
transmission is H»,; all others must be suppressed 
since they have different velocities of propagation. 
Suppression can be achieved either by using for the 
wave-guide a close-wound helix, so that its longi- 
tudinal resistance is high, or by internal coating of a 
solid guide with a dielectric other than air. The 
first of these methods is being investigated by other 
workers ; the Post Office is studying the use of di- 
electric coatings. 

Parametric amplifiers operate through the variation 
of the electrical magnitude of some component by 
means of a local source of power—the ‘pump’. They 
are particularly useful at frequencies greater than 
about 200 Mc./s. A parametric amplifier was shown 
working, based on a variable-capacitance diode, and 
suitable for a tropospheric-scatter system working 
at about 900 Mce./s.; a similar amplifier, for 960 
Me./s., had been used to receive signals from the 
United States by way of the balloon satellite Echo J. 





For some years the Post Office has specialized in 
work on metallic magnetic materials. Samples of 
silicon-iron were shown in which special crystalline 
textures had been produced by suitable rolling and 
heat treatment. Methods shown for work on mag- 
netic properties included measurement of saturation 
flux by reversal of the specimen itself in a stationary 
field—a method suggested by Ewing and apparently 
overlooked since his time—and an apparatus dis- 
playing the variation of magnetization with direction 
in anisotropic material. 

For many purposes the Post Office is introducing 
transistors into its apparatus, but, as its need for 
reliability is unusually strict, it is interested in the 
probable life of transistors and in the causes of their 
premature failure. One investigation of this kind 
has led to the detection of leakage through seals, 
even when the leakage-rate is of the order of 10-" 
litre micron per second. Improvements in thermionic 
valves are still being pursued, however, and gains in 
both performance and reliability have been achieved : 
a valve suitable for submarine cable systems, having 
a conductance of 25 mA./V., yet operating at 
only 40-50 V. high tension, has been produced by 
winding both control grid and screen grid on a single 
former. 

The chemical laboratories have produced a range of 
organic phosphors, intended for making code mark- 
ings in postal sorting work. They are based on 
cyanuric-acid-formaldehyde condensation compounds, 
and offer a wide range of colours. They are easily 
handled and can be incorporated into printing inks 
and other such media. 

The influence of high-speed computers as an aid to 
physical and engineering research was clearly in 
evidence. Although the Research Station has no 
computer of its own, it hires time on other computers 
and has its own staff who can prepare computer 
programmes. A. C. Lyncn 
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THE !ONOSPHERIC F2-LAYER 


By Dr. E. WOYK (CHVOJKOVA) 
Astronomical Institute, Czechoslovak Academy of Sciences, Praha !2 


N recent years the bifurcation and other irregulari- 

ties of the ionospheric F2-layer have been much 
discussed. I have made several attempts to provide 
a theoretical basis of the subject, and finally I 
derived formula (2), which expresses the diurnal 
variation of the critical frequency of the F2-layer*. 
Incidentally, the subject is of interest in astro- 
nautics ; thus the usual sort of short-wave connexion 
would fail on account of rareness of a planetary 
atmosphere preventing a pronounced maximum of 
electron density above the surface, so that only a 
local minimum of electron density—arising from the 
process of bifurcation—can permit the circum- 
planetary propagation shown in ref. 3. 

My theory of bifurcation is explained in a few words 
as follows: the excess of energy of each ionizing 
photon over the ionizing potential is transformed into 
heat. Thus, on account of the quasi-neutrality, the 
rarefaction of the gas at the maximum of ionization 
can create a small secondary minimum of electron 
density there which separates the F-layer into Fl 
and F2. This secondary minimum of electron 
density N appears paradoxically just at the maximum 
of electron production q (Fig. la, 6). 

It was deduced that a layer arising from a previ- 
ously un-ionized gas cannot be divided into two parts 
with the exception of a very rare atmosphere 


h . h 























Fig. 1. Distribution with height: (a) the electron production ¢ 


according tu equation (4): (6) the corresponding electron density 
\ of equation (5) allowing for no remainder of free electrons at 
the beginning: (c) allowing for a sunrise-remainder of free 


electrons (shown by the dotted curve) 


(nm ~<< 10*° cm.-*) and only when the temperature z.. 
at the maximum of ionization is at least twice as 
high as the temperature 7’, at the beginning of 
ionization. If at sunrise, however, the new ionization 
begins to act on a region where a considerable 
quantity of free electrons has remained from the 
previous day, it is possible that the bifurcation is 
produced even beyond the given limits, as shown in 
Fig. lc. It appears, however, that only the F’-layer 
can be separated, never the H-layer. 

Also the strange diurnal and seasonal variation of 
the critical frequency f- of the F-layer and its unex. 
pected dependence on solar activity (Fig. 2) can 
be explained on my theory as follows*: the diurnal 
variation of f-F'2 cannot be expressed by a simple 
sinusoid as is the case of f-. It seems rather to 
follow a sinusoid the period of which increases linearly 
with time (7 = At + B). See the auxiliary dotted 
curve of Fig. 2 which is expressed by : 


ain a 2nt 
fi) =f =e +m (1 ato =a) 


_ T, 
‘“y, © 


From this curve a cosinusoid was subtracted in 
order to take into account the rarefaction produced 
by ionization (Fig. 2, full curve). It was surprising 
to find that this cosinusoid would have to be sub- 
tracted from f(t) even after sunset, when the real 
course of f-¥'2 had to be expressed precisely. It seems 
that the atmosphere, expanded during sunshine and 
contracting at sunset, passes.over the equilibrium, 
oscillating about the equilibrium density with the 
same period as it had during daylight. Thus the 
resulting formula, capable of expressing any diurnal 
course of f-F2, is: 


f-F2 =f [1 —m (a — cos =e —*})] (2) 


The beginning of curve (2) is given by a value ¢, not 
differing much from that at sunrise. The time ?/, at 
which the oscillation starts to be subtracted need not 
be zero ; moreover, ¢, varies with solar activity R and 
it is the variation of ¢, which makes it possible to 
express the strange variation of the f-F'2-curves with 
R. It is to be noted that a small increase of ¢, 
transforms the first curve of Fig. 2 (R = 0 usually 
characterized by a flat and late maximum) into the 
curve corresponding to R = 150 (characterized by a 
sharp maximum appearing just before midday). The 
coincidence of the theoretical curves (2) and the real 
ones (measured at different epochs and different 
points of the Earth) is further evidence for this 
theory of bifurcation of the F2-layer by photo- 
ionization. A prediction frame‘ has been constructed 
for satellite and telecommunication purposes, and 
formule for trajectories*. By the use of this frame, 
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Fig. 2. Diurnal course of the critical frequency f-F'2 at middle 


latitudes in winter for low and high solar activity R and the 

explanation of symbols used in equations (1) and (2). All para- 

metere bave a fundamental physical meaning. The plotted 

curves are defined by ¢. = 6-0 hr., c = 3:2 + 0-009 R (Mc./s.), 

a=0:30, M =1-7 + 0-022 R,t, = + 0-1 + 0-008 R, r = 10-Ohr., 

m=0-12. (m depends upon latitude only; the other para- 
meters depend also on season) 


it is possible to determine easily the elements of 
trajectories of satellites in spite of differences in time 
and position. Also, on planets with a highly curved 
surface and a very rare atmosphere, short-wave 
communication would depend on whether a 
negligible rarefaction of electron density above the 
surface will allow circum-planetary propagation, 
analysed in ref. 3, or not. 

Let us treat a relatively cold atmosphere of tempera- 
ture 7',, containing only one sort of particles, on 
which suddenly a source of powerful radiation hv 
begins to act. The mean temperature 7; of a recently 
ionized pair of particles follows from the mean energy 


of the ionizing photon hv = EH; + KT, where £; 


is the energy necessary for ionization. Neglecting 
recombination, we find that, after a relaxation time ¢, 
the tq newly ionized particles of temperature 7; 
mixed with the n particles of the neutral remainder 
of gas (having the temperature 7',) give the resulting 
gas temperature 7’: 


T (1 + az) Tito 
? « = a i O36 
1 + tg/n =iite © T on 

z= 1 <1 (3) 


Jo 
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From the gas distribution with height, » = 
ngexp( — h/H) and the intensity of radiation at a 
height h given by dI = Aln.sec ¢.dh, we find the 
course of ion-production with h near qdmax, (where 
dq/dh = 0): 


q = Im exp(1 — x — sect exp(—2)) 
_Lh— hm - 
oe Tita = 


qo 


1 + az (4) 


which is identical with the well-known Chapman 
formula‘ (where 7’ = 7’, = constant), except that the 
electron production g is now 7'/T', times rarer and the 
layer is 7/7’, times larger. The thin curve of Fig. la 
represents the Chapman layer, the thick one relates 
to equation (4) for the case in which the maximum 
Tm is three times 7’. 

After a relaxation time ¢, we suppose that the 
ionization equilibrium is accomplished, and we put 
dN/dt =0 into dN/dt =q—a«N*, which gives 
Ny = (qo/«)#. The suffixes here denote values at 
which the increase in temperature has not yet been 
taken into account. From the relations N47’) = 
NT,« ~Ti and equation (3), the equation for 
electron distribution with height is obtained (Fig. 
1b): 


N = q/% 21 + a2)-U19) jw 0 
Xo 


Yo constant 
Xo 


(5) 


The coefficient of recombination « depends princip- 
ally on the electron temperature 7,. At the 
moment of ionization the mean electron temperature 
is constant and it approaches only very slowly the 
gas temperature 7’. Consequently we can put 
j ~ 0, or at least 7 > — 1, which is another condition 
for bifurcation. 

The remainder of free electrons at sunrise already 
mentioned, which makes the bifurcation more pro- 
nounced, appears above a critical level (hc) defined 
by a critical gas density n- deduced from dN /dt = «N*® 
(where’, since 7’ s constant we put « ~ n#) giving 


N. 
Nnight = "5 (6) 
nent © 1+ Nel Vinino) 

where ¢ is the time from sunset, N, the sunset value 

and the zero suffix denotes values related to an 

arbitrarily chosen level hy. When the second term 

of the denominator equals unity, we have n = nm. 

High above n- the gas is so rare that N, is nearly 

constant during the whole night, while, below n-, N 

falls rapidly to zero (Fig. lc, dotted curve). he 

represents the lower boundary of the night ionosphere. 

A similar mechanism® seems to govern also the 

planetary nebulz. 

1 Chvojkovaé, E., Bull. Astro. Czech., 4, 101 (1953); 7, 33 (1956); 
10, 92 (1959). 

* Chvojkov4, E., Pub. Astro. Czech., 26 (1955); Bull. Astro. Czech., 7 
89 (1956). 

* For example, Woyk, E. (Chvojkov4), Proc. inst. Rad. Eng., 47> 
1144 (1959). 

* Chvojkovaé, E., Bull. OIR, 134 (1959); Bull. Astro. Czech., 10, 216 
(1959), (Rousov4). 

5 Woyk, E., J. Atm. Terr. Phys., 16, 124 (1959); Nature, 181, 105 and 
1195 (1958). 

* Chapman, 8., Proc. Phys. Soc., 43, 26 and 433 (1931). 

* Rawer, K., Ann. Geophys., 9, 6 (1953). 

* Chvojkovd, E., Bull, Astro. Czech., 11, 23 (1960). 
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PACKING OF SPHERES 





Packing of Equal Spheres 


In both kinds of packings the balls are always rigid 





, ; I wer 
D. BERNAL! has directed attention to the ‘ the sense that ® uniform pressure over the top will mer 
. : not alter the packing. Even small non-uniformities . 
+ importance of geometrical models to represent fn the wens wil is din a Gheeieemee cast 
the structure of liquids. A random packing of equal ao eo a are “arrangement of ¢ 
kK: . which might be considered similar to the flow of ; 
spheres may provide a useful model for an ideally Seal : ‘ , -" ing 
: ee : : iquids. It is unlikely that in these experiments the h 
simple liquid. One of the basic parameters related . ioe , the: 
: , - . packing of the balls was significantly influenced by the 
to an array of spheres is the packing density, that is, “sa : : 5, pre 
- frictional forces between adjacent balls either in the 
the ratio of the volume of the spheres to the total : ‘ . : the 
: filling process or in the final configuration. 
volume they occupy. The present experimental . , : pac 
: . - . Small spherical containers. The first series of ’ 
work arose from a suggestion by H. 8S. M. Coxeter? : * 2 
“ measurements were made with six glass flasks of 
that some random array of equal spheres might , ; : . un¢ 
: . : , F roughly spherical shape ranging in diameter from 50 
conceivably have a packing density higher than for . - 35) 
"ss ten to twenty times the diameter of the balls. The 
regular close-packed spheres (that is, either hexagonal . pac 
elose-packing or face-centred-cubie packing) which is smallest flask could contain about 600 balls, the fou 
bs I 8 _ largest (about 130 c.c.) nearly 5,000 balls. eal 
gV2 = 0-7405. The packing densities were found by weighing the are 
Several measurements nave been reported on the vessel when filled with balls to determine their ger 
packing densities of equal spheres made with balls number and hence their intrinsic volume, and then Th 
poured into cylindrical containers. O. K. Rice* weighing the vessel when filled with water to the loo 
found a 15 per cent decrease in the density of random same level in order to find the total volume. A der 
packing as compared with regular close-packing. correction was made for the density of water depend. val 
Rice considered his result to be in agreement with a ing on the ambient temperature. sea 
value obtained by Westman and Hugill*, who had For spherical containers the peripheral error of the wi 
found a 20 per cent decrease. Neither of these results measured packing density is presumably proportional co 
was intended to be precise, and it is likely that dis- to the ratio of surface to volume, or to the reciprocal . 
turbing peripheral effects were present in both cases. of the radius of the vessel, or very nearly to N-4, me 
To obtain packing densities for random packing of where N is the total number of balls. A plot of the of 
spheres from measurements on balls poured into rigid packing density, e, against N-*/* will therefore be he 
vessels there are two basic experimental problems: a straight line which, when extrapolated to N-1/* — 0, wi 
(1) to establish a method of getting random packing gives the packing density in space, that is, for an ba 
which is not significantly disturbed by the walls of the infinite volume, or with no peripheral error. oa 
container, and (2) to correct the measuredp acking The validity of the above procedure for eliminating of 
densities for the peripheral errors so as to determine the peripheral error was confirmed by a plot of the wi 
the packing density characteristic of space, that is, packing density of close-packed spheres contained ay 
of infinite volumes. within a sphere. (The necessary data were obtained re 
The present experiments were carried out with steel with the aid of a table kindly supplied by Prof. C. C. in 
balls of nominal }-in. diameter. Twoseparate batches Gotlieb of the Computation Centre, University of ve 
of balls were used, the first totalling about 6,000 in Toronto, giving the number of integral solutions of bi 
number, the second about 20,000. The balls were 2x* + y* + z* <k* for integral values of k up to 142. 
uniform to better than 10~‘ in. within a batch. As The work on this table has now been extended and pe 
supplied by the manufacturer, they had a very thin’ will be published elsewhere.) The packing density of 
protective oil coating which was not removed. was plotted against N-'/*, where N is the total d 
Method of packing. Early in the work it was number of spheres, for N up to about 48 x 10°. of 
observed that when balls are poured into a rigid As was expected, the graph was a straight line extra- b 
container there is a range of random packings with polating to 0-7405, the density of close-packed o 
different total volumes. For example, when the _ spheres in space. Deviations of the points from the d 
}-in. balls were poured into a 100 c.c. graduated line were surprisingly large, amounting to as much 6 
cylinder up to 54-(5) c.c., shaking and tapping quickly as 2 per cent for N even as high as 10,000. Though ¥ 
reduced the volume to 53-0 ¢.c. Continued gentle with random packing the deviations should be greatly a 


shaking produced no further reduction in volume. 
More vigorous shaking increased the volume. On 
the other hand, when the vessel was tipped horizont- 
ally and then slowly rotated about its axis and gradu- 
ally returned to the vertical position the volume of 
the balls increased to 58-2 c.c. For all the rigid 
containers used, a similar effect was observed, namely, 
there is a range of random packings lying between 
two well-defined limits. The limits are called here 
‘dense random packing’ and ‘loose random packing’. 
For the dense packing the balls in the vessel are 
gently shaken down for about 2 min. For the loose 
packing the balls fill the vessel essentially by rolling 
down a slope of random-packed balls. The difference 
in the packing densities for the two kinds of packing 
is about 6 per cent. The individual measurements 


at either of the two limits were consistent to within 
+ 0-2 per cent. 





reduced, this theoretical result suggested that con- 
siderable scatter might be expected in the measured 
densities quite apart from experimental error. 

The measurements with the small spherical flasks 
are shown in Fig. 1. The extrapolated values for 
the limiting packing densities are 0-63(4) for dense 
random packing and 0-59(1) for loose random 
packing. 

Larger spherical flasks. With the second batch of 
balls an attempt was made to extend the measure- 
ments to larger flasks, that is, up to 500 c.c. The 
results gave points which did not follow the lines of 
Fig. 1, but the densities were slightly higher than 
expected. An examination of the packing of the 
balls at the surface of the flasks revealed that regions 
of near close-packing were occurring with irregular 
boundaries, rather like certain patterns seen in rafts 
of equal bubbles. No doubt the regular packing 
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was associated with the smaller curvature of the larger 
fasks. It appears that to maintain random packing 
throughout a vessel it is necessary to avoid even 
approximately flat surfaces. 

A series of glass flasks up to about 500 c.c. in volume 
were made with dimples over their surfaces. Measure- 
ments of the packing densities were taken as in the 
ease of the smaller flasks and the extrapolated values 
of p were found to be 0-63(5) for dense random pack- 
ing and about 0-61 for loose random packing. Though 
these results are in reasonable agreement with the 
previous values, it was felt that in the larger flasks 
the control of the packing, particularly the loose 
packing, was not satisfactory. 

Non-rigid containers: balloons. Three ordinary 
unextended balloons of different sizes (the largest 
350 c.c.) were filled with balls and the density of 
packing determined. The volume of the balls was 
found from their weight, as before, and the total 
volume by immersion of the balloon in water in a 
graduated cylinder. The filled balloons could be 
gently ‘kneaded’ to produce dense random packing. 
There did not appear to be a simple way of studying 
loose random packing in a balloon. The packing 
density from an extrapolation of the three measured 
values gave 0-63, in agreement with the previous 
results. As would be expected, the peripheral error 
with the balloons was smaller than with the rigid 
containers. 

Dimpled copper cylinders. The last set of measure- 
ments were made with a series of four copper cylinders, 
of diameters about 3-1, 3-9, 4-9 and 6-3 cm., and 
heights about three times the diameter. The largest 
with a volume of 500 c.c. would take up to 20,000 
balls. The cylindrical shape was selected to provide 
easier control of the packing. The walls and bottom 
of the cylinders were impressed to a depth of 2 mm. 
with dimples about 6 mm. in radius and 15 mm. 
apart. Though the dimples were roughly in a 
rectangular array they were sufficiently irregular 
in size and spacing to prevent any significant 
regular effects on the random packing of the }-in. 
balls. 

Measurements of both loose and dense random 
packings were made at eight or ten heights for each 

of the four cylinders. In a given cylinder the packing 
densities were plotted against 1/h, where h is the height 
of the volume used in the cylinder. The graph should 
be a straight line, and the value at 1/h—> 0 should 
correspond to the packing in a cylinder of the same 
diameter but of infinite length. The plot for the 
6-3 em. cylinder is shown in Fig. 2. The extrapolated 
values of p for each of the cylinders were then plotted 
against 1/D, where D is the diameter of the cylinder 


No. 4754 


(Fig. 3). The graph should again be a straight line 
0-70 r 
poet — 0'63(4) - 4 Dense random packing 
P 0-60 -_ 0°59 (1) i 
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Fig. 1. Packing density for steel balls in glass flasks. Packing 
density (p) versus N-"*. k 
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Fig. 2. Packing density of balls in a dimpled copper cylinder 
No. 4 (6-3 cm. diam.). Packing density (p) versus 1/h. h, Depth 
to which balls fill cylinder 
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Fig. 3. Packing density in cylinder of ‘infinite’ length obtained 

from extrapolations as in Fig. 2, plotted against reciprocal of 

diameter. Packing density ad versus 1/D. D is diameter of 
cylinder 


and the value of p, at 1/D— 0, will be the packing 
density in space. The disadvantage of having to 
make the double extrapolation seemed to be over- 
weighed by the advantages in the control of the 
packing. Individual measurements were reproduced 
to within 0-2 per cent. As seen in Fig. 3, the final 
values for the dense and loose random packings are 
0-63(7) and 0-60(1) respectively. It is considered 
that these results are more reliable than the corre- 
sponding values obtained with the small flasks, 
relative to which they are somewhat higher. 

When spherical balls are poured into rigid con- 
tainers there appears to be a range of random packing 
densities possible, with the upper limit at 0-63(7) 
and the lower limit at 0-60(1). It seems unlikely 
that there are other stable random packing arrange- 
ments for equal spheres in space which have packing 
densities outside these limits. 

G. Davin Scorr 

Department of Physics, 

University of Toronto, 

Toronto. 


1 Bernal, J. D., Nature, 183, 141 (1959). 

* Coxeter, H. 8. M., Illinois J. Math., 2, 746 (1958). 

® Rice, O. K., J. Chem. Phys., 12, 1 (1944). 

* Westman, A. E, R., and Hugill, H. R., J. Amer. Ceramic Soc., 18, 
767 (1930). 
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Co-ordination of Randomly Packed Spheres 


In following up earlier work on a geometrical 
model of liquid structure’, we have been examining 
more closely the precise mutual co-ordination of 
spheres when arranged at random and more-or-less 
closely packed. As can be seen from Dr. Scott’s 
communication, which came to hand during this 
investigation, there are at least two types of random 
packing: random close packing with an occupied 
volume of 0-64, and random loose packing with one 
of 0-60. The first of these packings we had already 
studied with wax balls contained inside a rubber 
balloon. Realizing, however, that the arrangement 
studied was liable to be distorted from that of random 
close packing owing to the compression, it seemed 
desirable to repeat the experiment with a larger 
number of approximately rigid spheres. Accordingly, 
these were now replaced with }-in. ball bearings, 
about 1,000—5,000 in number in different experiments, 
well shaken down and compressed by winding round 
with thick rubber bands. This assembly appeared 
to be rigid, its occupied volume of 0-62 indicated a 
reasonable approximation to Scott’s close-packed 
density, considering its limited size. 

Table 1. ANALYSIS OF CLOSE AND NEAR CONTACTS 
(a) From assembly in random close packing 
ceuher of Gene contnste 





0 5 Total Close 
contacts contacts 
S 3 _- _ _ _ _ _— _ 5 
. 2=—- = = = = om 0 13 
Ss 5| 5 0 zz —- —- = 7 7 
eg 6| 12 20 5 1 —- — 38 132 
s 4 7 31 47 25 3 1 —_ 107 133 
“3 8| 33 61 46 13 3 1 157 95 
3 9 19 562° 37 21 6 2 137 22 
> 10 3 3 10 4 6 3 29 4 
Be il | 0 iis —_ — 1 . 
I Number of balls 476 


* Centre of distribution. The cases marked in bold type contain 
between them more than half the balls. 


(6) From assembly in random loose packing 
Number of close contacts 





0 1 2 3 a Total Close 
contacts contacts 
& 3 21 
io 1 — _ 7 78 
s - 56 10 10 10 _— —_ 30 128 
es 6| 17 32 26 8 — 83 = «108 
se 7 17 47° 45 24 2 135 57 
Fs 8 15 28 28 39 12 122 24 
3 ” 4 5 11 14 2 36 4 
s 10| — _— 3 1 2 6 0 
&® lj} — — 1 -- 1 0 
Number of balls 420 


* Centre of distribution. The cases marked in bold type contain 
between them more than half the balls. 


The mass of balls prepared in this way while still 
compressed was soaked in black japan paint. After 
standing for some time the paint was drained off. 
The object here was to mark the nature of the 
contacts and distinguish between them. Surface 
tension drew the paint to the places where the 
balls touched (a), or nearly touched (6), the first 
giving rise to a black ring with a clear centre and the 
latter to a black spot (Fig. 4). Careful experiment 
showed that the near contacts were registered by this 
method up to a radius of 5 per cent greater than the 
diameter of the ball. After thoroughly drying the 
paint, the mass of balls was unwrapped, with an 
appearance resembling caviare (Fig. 5). When 
broken apart they showed many of the small clusters 
referred to as pseudo-nuclei*, and a certain number 
of holes, none of which was observed large enough 
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eS © 


(a) (6) 


Fig. 4. Diagram of method of marking (a) close and (5) near 
e areas of adherent black paint 
are marked 


contacts between spheres. 





Fig. 5. Portion of random close packed ball assembly showing 
marks of further contacts 

to contain another ball. About 400-500 of these 
balls, taken from the centre of the sphere to avoid 
the surface effects noted by Dr. Scott, were separ- 
ately examined and a number of close and near 
contacts counted. They were sorted according to 
the numbers of both kinds of contacts, the results 
being shown in Table 1 (a). These give effectively 
the distribution of co-ordination types characteristic 
of random packing. The distribution, as can be 
seen, is extensive and skew; but the modes are 
clearly marked and do not differ much from the 
mean. A modal co-ordination lies between 8 and 9, 
the largest number having between 6 and 7 close 
contacts and between 1 and 2 near contacts. The 
means are 8-5 total, and 6-4 close contacts. 

A later experiment using the slow rolling method 
of Dr. Scott on a mass of ball bearings supported on a 
highly irregular base gave the conditions for random 
loose packing with an occupied volume of 0-6. The 
results of the sorting here give lower co-ordinations 
all round. The modes were between 7 and 8 for the 
total co-ordination and between 5 and 6 for the close 
contacts ; the means are 7-1 total and 5-5 close con- 
tacts. In the looser random packing it was evident 
that there were a number of large holes, and that the 
co-ordinations of particular balls were highly unsym- 
metrical ; for many of them, all the contacts being 
on one side, the other side facing the hole. 

The meaning of these preliminary observations 
seems fairly clear. In any random packing we 
would expect each sphere to be in cose contact with 
at least four others, a necessary condition of stab- 
ility, and at most twelve. This absolute upper 
limit is extremely improbable. The most probable 
average would seem to be six, as each sphere may be 
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Fig. 6. Histogram of contact numbers derived (a) from calculated 
random model and (}) from assembly of spheres 








considered in general to rest on three others and in 
turn to support another three. The number of near 
contacts, however, is not determinate, except that the 
sum of the close and point contacts may not exceed 
twelve, and is very unlikely to approach that 
number. 

By the process of shaking and pressing, the arrange- 
ments of the spheres are progressively altered so as 
to give the minimum volume, and hence the largest 
number of near contacts. The figure for the occupied 
volume of random close packing—0-64—must be 
mathematically determinable, although so far as we 
know undetermined. If it is one of minimum volume, 
then it is also one of minimum energy, corresponding 
to any monotonously diminishing form of centrally 
attractive forces. For, by definition, any variation 
of this structure, while not altering the number of 
point contacts, must necessarily increase the distances 
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between near contacts and thus diminish the energy. 

The method used for marking near contact in the 
model would necessarily fail to note those between 
1-05 and say, 1-25 of the minimum value, and these 
would to a measurable extent contribute to the total 
energy and should be included as physical neighbours 
in the sense of the first communication'. We may 
consequently take the mean physical co-ordination of 
random close packing to be a little more than the 
value of 8-5 indicated. It probably lies between 10 
and 11 (Fig. 6). 

The difference between random close packing and 
regular crystalline close packing fits very well with 
the observations of rare gas liquids. The increase in 
volume when passing from regular to irregular is 
almost exactly the same—16 per cent observed in 
argon—while the static contribution to the internal 
energy should correspond to a latent heat of melting 
between one-quarter and one-sixth of the energy of 
evaporation as against the observed value of 1/5-5 
observed in argon. 

The mathematical status of physical random loose 
packing is not so evident, though it may represent 
the approximation of the liquid at higher tempera- 
tures. The change-over would correspond roughly, 
on the basis of volume, to a rise in temperature of 
1/5 of the interval between the melting and critical 
points. This will also give a configurational change 
of internal energy of about 0-18 c./mol. as against 
0-16 observed. 

Further investigations are in hand to study the 
statistical contribution of the angles between the 
contacts between the spheres and also to examine 
even looser aggregates which can only be obtained 
in the model by the use of rough or sticky spheres. 

This research was assisted by a grant from the 
Department of Scientific and Industrial Research. 

J. D. BERNAL 
J. Mason 
Birkbeck College, 
London, W.C.1. 


1 Bernal, J. D., Nature, 183, 141 (1959). 
* Bernal, J. D., Nature, 185, 68 (1960). 


INFECTIVITY OF NEWCASTLE 


DISEASE VIRUS NUCLEIC ACID PREPARATIONS 
By Pror. A. A. BENEDICT, DONALD LEE and BARBARA WEST 


Department of Bacteriology, University of Kansas, Lawrence, Kansas 


XOLLOWING the isolation of the infectious 
} ribonucleic acid (RNA) moiety from the tobacco 
mosaic virus (TMV)+*, infectious RNA fractions have 
been extracted from numerous animal viruses*-*. In 
contrast to the intact viruses, the infectivity of the 
extracts is ribonuclease (RNAase) sensitive, thermo- 
labile, and is sedimented very slowly in the ultra- 


‘centrifuge. 


At the time that the present work was initiated no 
information on the infectivity of RNA preparations 
from the myxoviruses had been reported ; however, 
recently Maassab® and Portocala et al.’° described 
such fractions derived from influenza viruses. After 
repeated failures to detect infectious RNA from 





chick embryo-adapted influenza viruses, we made 
additional attempts to obtain infectious RNA 
fractions from Newcastle disease virus (NDV). 
Employing the cold phenol technique’, the NDV 
extracts so prepared lacked infectivity in chick 
embryos. The existence of numerous variables in 
this type of study has become increasingly obvious 
from the reported results of others. Thus, exhaustive 
attempts were made to extract an active NDV RNA 
fraction by varying the conditions which are sum- 
marized as follows : 

Egg-adapted strains (Iowa 23 and Calif. 11914) 
were used in the form of crude infected allantoic 
fluid, partially purified concentrated allantoic fluid, 














Table 1. 
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l | l Ri « 
| Exp. No. Source of virus Virus | Method of Diluent for RNA Host systems Demonstration of 
| | (chick embryo) — logLDy. extraction extracts tested Hemagglutinin Cytopathic effect 
} n 
cons CAM infected for | 
12 hr. 7-4 cold phenol | 2 x conc. BME CEF tubes 0 0 
18 hr. 11°5 cold phenol 2 x conc. BME CEF tubes | 0 0 
24 hr. | 12-0 cold phenol 2 x conc. BME CEF tubes 0 0 
36 hr. 12-0 cold phenol 2 x conc. BME CEF tubes | 0 0 
2 Cone. AF >70 cold phenol 1 M NaCl chick embryos | 0 | 
3 Cone, AF >70 | ¢cold phenol 1 x conc. 199 chick embryos 0 
2 x cone. 199 CEF tubes 0 0 
} 2 x conc. BME CEF tubes 0 0 
0-9 M KCl + tris CEF tubes 0 0 
4 Cone. AF 70 | ¢cold phenol 0-1 M phosphate CEF monolayers | 0 
| 1 x conc. 199 CEF monolayers 0 
| Hank's bSS CEF monolayers 0 
5 CAM | 70 | cold phenol 0-1 M phosphate CEF monolayers 0 
6 CAM | > 70 cold phenol 0-9 M KCl + tris 3-day-old chicks | No symptoms 
7 Cone. AF 11-3 | hot phenol 2 x conc. BME chick embryos 0 
8 Cone. AF 11-0 hot phenol 2 x cone. BME CEF tubes 0 0 
| 0-1 M phosphate CEF monolayers 0 
a) CAM | >80 urea 0-9 M KCl + tris chick embryos 0 
0-1 M phosphate CEF monolayers 0 
10 CAM >s0 guanidine 0-9 M KCl + tris chick embryos 0 
Abbreviations : CAM, chorioallantoic membranes ; BME, Eagle’s basal medium; CEF, chick embryo fibroblasts; AF, allantoic fluid 


BSS, balanced salt solution. 


and chorioallantoic membranes. Concentrated allan- 
toic fluid pellets were re-suspended either in phosphate 
buffer (pH 7-0), 0-85 per cent saline, or in Hanks’s 
solution minus calcium, magnesium and phosphate 
ions". Chorioallantoic membranes were either 
extracted immediately or stored at — 70° C. The 

log of the chick embryo LD,, titres of the virus 
preparations to be extracted varied from 7-0 to 12-0. 

Many experiments employed the cold phenol 
method for the extraction of crude and concen- 
trated allantoic fluid virus, and for virus from 
chorioallantoic membrane released by prior homo- 
genization. Also, chorioallantoic membrane was 
homogenized in the presence of phenol. In addition, 
the following reagents were used for extraction : 
hot phenol", hot 1 M sodium chloride’, 8 M urea", 
and 2-5 M guanidine". 

In view of the reports that the ionic strength of the 
diluent alters the degree of infectivity of RNA 
preparations, the following diluting fluids were used : 
1 M sodium chloride, 0-1 M phosphate (pH 7-0), 
1 and 2 x cone. mixture 199, 2 x cone. Eagle’s 
basal medium, 0-9 M potassium chloride + 0-03 M 
tris buffer™', and 1 x cone. Hanks’s balanced salt 
solution. Most of the preparations were tested 
undiluted, and diluted 10-! with the above diluents. 

Various reports suggest that the nature of the host 
and the route of infection might influence the RNA 
infectivity ; that is, inactivation of infectivity pre- 
sumably might be due to host RNAase in the cells or 
fluids. To obviate this possibility, the present 
work employed chick embryo allantoic and amniotic 
routes, chick embryo fibroblast monolayers in 
bottles, and chick embryo fibroblast culture tubes 
with cover-slips. Infectivity of the RNA extracts 
was ascertained by testing for viral hemagglutinin 
in the chick embryo and tissue culture fluids, and by 
observing tissue cultures for cytopathic effects. In 
certain instances fluids were repeatedly passaged in 
chick embryos and no infectivity was detected. 

The results of some of the experiments are sum- 
marized in Table 1, and a few are noteworthy of 
further attention. Exp. 1 (Table 1) was performed to 
determine whether there was a relationship between 
infectivity of the RNA and the period during the 
virus growth-cycle, since Maassab® reported that 
infectious RNA was obtained from influenza-virus 
chorioallantoic membranes only at the peak of virus 





production (18 hr.). Ten-day-old embryos were 
inoculated with 10-* dilution of NDV, and 18 mem. 
branes were removed for each time-interval given in 
Table 1. For each time period membranes were 
stored for LD,, determinations and 12 membranes 
were extracted by the cold phenol method. Cell 
culture tubes were inoculated with undiluted extracts 
and 10-' dilution of extracts in 2 x conc. Fagle’s 
basal medium. A 60-min. adsorption period was 
used. After 7 days the experiment was terminated 
and cytopathic effects (May-Granwald staining of 
cover-slips) and hemagglutinin determinations failed 
to show virus activity, although the chorioallantoic 
membranes harvested after 24- and 36-hr. incubation 
had LD,, titres above 12-0. 

In view of the repeated failures reported in Table 1, 
infected chorioallantoic membranes were extracted 
with 8 M urea according to the method of Frazer 
et al.\*, The urea extracts failed to show infectivity 
in either chick embryos or in chick embryo fibroblast 
monolayers. Similarly, virus released from chorio- 
allantoic membranes was extracted with 2:5 M 
guanidine and 0-005 M versene'®’. An alcohol- 
precipitable material of the guanidine extract was 
not infectious for chick embryos. 

In additional experiments concentrated NDV 
allantoic fluid suspensions and infected chorioallantoic 
fluid were extracted by heating to 95-100° C. in a 
water-bath in the presence of 1 M sodium chloride 
for 35 sec., according to the method of Kaper and 
Steere'*. The resulting extracts, untreated and 
treated with RNAase, produced cytopathic effects 
and hemagglutinin in chick embryo fibroblast 
culture tubes, and plaques in monolayers. Appar- 
ently the intact virus particles were able to survive 
the extraction procedure. The period of heating in 
1 M sodium chloride was extended to 1, 3, and 5 min., 
and the extracts obtained from a concentrated allan- 
toic fluid virus (LD,, = 11-0) and from chorio- 
allantoic membranes (L.D,, = 12-0) were non-infecti- 
ous. Although infectivity was not detected in any 
of the sodium chloride extracts, ultra-violet absorption 
and chemical analyses revealed the presence of 
nucleic acid. 

Considering the relative complexity of the myxo- 
viruses, attempts were made to ‘reconstitute’ the 
virus by mixing cold phenol extracts with either a 
protein fraction of the virus or with the Vibrio 
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cholerae receptor-destroying enzyme. The protein 
fraction was obtained by extraction with 67 per cent 
acetic acid'* and was added to phenol extracts. In 
another attempt, 5,120 units of receptor-destroying 
enzyme were added to various dilutions of phenol 
extracts. None of these preparations produced 
detectable infectious units in the chick embryo. It 
was noteworthy that the reagents and techniques 
used in this work were efficacious in producing 
infectious RNA from poliovirus. 

No direct proof was found that RNA is the unit 
which initiates the formation of new infectious virus 
material or hemagglutinin from NDV preparations 
in the systems studied. The failure to isolate an 
RNA fraction from the myxoviruses which is infec- 
tious for chick embryos is not unique. Such observa- 
tions have been confirmed by others'’-!*, who during 
the course of our investigations were unable to estab- 
lish infectivity of myxovirus RNA preparations in 
embryonated eggs. Definitive evidence to explain 
this failure had not been given, although the presence 
of RNAase in the embryonic millieu had been 
suspected. This implication might not be valid, 
since RNA fractions of Western equine encephalo- 
myelitis virus’? and Type I poliovirus®® infect embry- 
onated eggs. Similar to our findings, Schafer was not 
able to obtain an infectious RNA from fowl plague 
virus after phenol treatment?*®. Also, Schifer kindly 
reported to us that he was unable to demonstrate 
infectious RNA fractions from either NDV or from 
influenza virus emploving the extraction procedures 
which were used in the present work. We attest to 
Schifer’s views’® that possibly the RNA of NDV 
is relatively unstable, or that, in contrast to TMV 
and to other animal viruses, 2 units of RNA are 
needed for the formation of new infectious particles ; 
one for the production of the g-antigen, and the other 
for the production of hemagglutinin. Indeed, myxo- 
viruses might be considered to be more complex 
than the other viral agents which have been studied. 

In view of Maassab’s® findings, we had fully 
expected to demonstrate infectious NDV RNA in 
cell monolayers. Perhaps the most obvious explana- 
tion would be lack of sufficient viable particles in 
the material used for extraction; however, this is 
unlikely. The NDV suspensions had titres of 
approximately 10° 7'CID,,/ml. and some with chick 
embryo LD,, titres greater than 12-0. 

Pertinent to this study is the report by Portocala** 
that only freshly isolated filamentous forms of 
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influenza virus yielded infectious RNA, and that no 
active RNA was obtained from chick embryo-adapted 
virus. The significance of this finding remains to be 
determined in consideration of the reported successful 
isolation of infectious RNA from chick embryo- 
adapted influenza virus®. In this connexion, Porto- 
cala’® treated influenza. virus with ether before 
phenol extraction, a procedure which is known to 
disrupt the nucleoprotein. 

Finally, the NDV RNA might produce only non- 
infectious units or S-antigen (g-antigen), and no 
hemagglutinin and infectious virus. Although we 
have no evidence, Schafer informed us that he was 
unable to demonstrate this possibility. 

Grateful acknowledgment is made to Dr. George 
Dubes, University of Kansas Medical Center, Kansas 
City, Kansas, for supplying Type I poliovirus and for 
assaying poliovirus RNA extracts for infectivity, 
and to Mr. Franklin Newman, Kansas State Univer- 
sity, Manhattan, for kindly supplying the NDV 
strains, and for advice on plaque formation tech- 
niques. 

This investigation was supported in part by a 
research grant, #-2046, from the National Institutes 
of Health, U.S. Public Health Service. 
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BINDING OF HAMATIN BY HUMAN SERUM ALBUMIN 
By Pror. H. N. LITTLE 


Department of Chemistry, University of Massachusetts, Amherst, Massachusetts 
AND 
Pror. J. B. NEILANDS 


Department of Biochemistry, University of California, Berkeley, California 


ETHAMALBUMIN was identified by Fairley* 

as a complex of serum albumin and ferripro- 
toporphyrin. Although a number of workers*~* have 
studied certain of its properties, little information is 
available concerning the nature of the protein- 


hematin linkage. Keilin* postulated for the reduced 
complex that the linkage is with the porphyrin and 
not with the iron. O’Hagan‘, who observed that 
human serum albumin combined with proto- and 
meso-hematin but not with ztiohematin, concluded 
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that the propionic acid groups of the porphyrin were 
involved in the formation of the complex. The 
present article presents evidence concerning the 
protein groups involved in the binding of human 
serum albumin with hematin. 

We have investigated the binding behaviour of a 
number of chemically modified derivatives of human 
serum albumin. A commercial preparation of human 
serum albumin (Cutter Laboratories) was used, and the 
following values for the albumin were taken in making 
the calculations: molecular weight 69,000 (ref. 5) ; 
(Z) 1 per cent/em. at 280 my = 5-3 (ref. 5) ; histidine 
residues per molecules, 16 (ref. 6). A change in the 
binding behaviour of human serum albumin was 
observed qualitatively as a change from the normal 
absorption spectrum of methemalbumin which, as 
reported by Rosenfeld and Surgenor*, had absorption 
maxima at 623, 540 and 500 my. Quantitative 
measurement of such a change was accomplished by 
determination of the optical density of the Soret 
band (400 my). Experiments with this human serum 
albumin showed that absorption at this wave-length 
was proportional to the protein concentration when 
the ratio of the molar concentration of the protein 
to hematin was between 0: 2 and 1: 2. 

Our work has indicated that modification of the 
free amino-groups of human serum albumin does not 
appreciably alter the ability of the protein to form a 
complex with hematin. Three different samples of 
human serum albumin which had been acetylated 
roughly 50 per cent? (determined by the ninhydrin 
method’) showed a decrease of only 0-22 per cent in 
their optical density at 400 mz when compared with a 
solution of native human serum albumin of identical 
protein and hematin concentration. Similarly, two 
different preparations of guanidinated human serum 
albumin® showed, when assayed in the same fashion, 
no decrease in the intensity of the Soret band. These 
two latter preparations had 54 and 44 per cent of 
their free lysine groups guanidinated as determined 
by their yield of ¢-dinitrophenyl lysine after hydro- 
lysis of the guanidinated protein which had been 
treated with fluorodinitrobenzene’. 

We have, however, obtained some evidence whi . 
indicates that the histidyl groups of the protein are 
important for the binding of iron porphyrin. Since 
Gurd and Goodman’ have shown that zinc ions can 
become bound to the imidazole residues in human 
serum albumin, experiments were carried out to 
determine the effect of zinc on the complexing of 
human serum albumin with hematin. For these 
experiments, unbuffered protein solutions containing 
hematin, 0-15 M potassium nitrate, and zinc chloride 
were used. All solutions were adjusted to pH 6-0. 
Spectra of such solutions showed that zinc ions, when 
added at a final concentration of 0-005 M, prior to 
the hematin solution, completely prevented develop- 
ment of the characteristic visible absorption spectrum 
and caused a decrease and broadening in the Soret 
band of methemalbumin. 

Experiments using fluorodinitrobenzene also have 
implicated histidine in the binding of hematin with 
human serum albumin. Although fluorodinitro- 
benzene is known to react with amino, sulphydryl, 
phenolic and imidazole groups, these acetylation 
studies and the following observations make it appear 
that it is the imidazole group the modification of which 
is significant in the work with fluorodinitrobenzene 
reported here. Preliminary experiments indicated 
that the visible spectrum of hematin plus human 
serum albumin which had been exposed to the follow- 
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ing reagents failed to show any major change from 
that of normal methemalbumin: (a) 0-02 M iodo. 
acetate (at pH 8-5, 5-5, and 3-0); (6) p-mercuri. 
phenylsulphonate" (two-fold amount of molar 
concentration of the protein) ; (c) iodine 
(34-fold amount of molar concentration of the 
protein). 

Human serum albumin which has reacted with 
limited amounts of fluorodinitrobenzene does not 
form, in the presence of hematin, the typical absorp. 
tion peak at 620 my of methemalbumin. Although 
the dinitrophenyl-protein derivative itself has appre. 
ciable absorption at 400 my, a decreased absorption 
in the Soret region can also be demonstrated as g 
result of the reaction of the protein with fluoro. 
dinitrobenzene. 
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Relative optical density at 400 my: 
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Moles fluorodinitrobenzene reacted/mole protein 


Fig. 1. Relative optical density at 400 my for the complex 

between hematin and acetylated human serum albumin which 

has reacted with varying amounts of fluorodinitrobenzene. 

Absorption is expressed as per cent of that observed for the 

control complex of a human serum albumin and 
zematin 


Fig. 1 indicates such a decrease resulting from the 
reaction of acetylated human serum albumin with 
varying amounts of fluorodinitrobenzene. For this 
work an amount of 0-04 M fluorodinitrobenzene (in 
95 per cent ethanol) equivalent to a 14-fold amount 
of the molar concentration of protein was added to 
2-9 x 10° M acetylated human serum albumin 
(57 per cent acetylated) in 0-3 M bicarbonate buffer, 
pH 9-3. This solution was incubated at room tem- 
perature, and at the end of the appropriate time 
intervals aliquots were removed for analysis. The 
moles of fluorodinitrobenzene which had reacted 
were calculated from the difference in its concentra- 
tion at the beginning and at the end of the reaction”. 
For spectrophotometric measurements, a_ 1-ml. 
aliquot was added to 5 ml. of 0-2 M phosphate buffer, 
pH 7-4, containing 5-8 x 10-° mM hematin and a 
second was added to phosphate buffer only. The 
absorption at 400 my of the latter solution was con- 
sidered as the absorption of the dinitropheny] deriva- 
tive of the protein and was subtracted from the 
absorption at the same wave-length of the first 
solution. This corrected reading was then expressed 
as a percentage of that of a control solution prepared 
from the protein which had not been treated with 
fluorodinitrobenzene. Fig. 1 shows that only a few 
moles of fluorodinitrobenzene per mole of protein was 
required to react with the acetylated human serum 
albumin before a noticeable decrease occurred in the 
Soret band of the protein-hematin complex. What 
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protein groups reacted with fluorodinitrobenzene 
in this experiment have not been established. How- 
ever, since many of the free amino-groups were pro- 
tected by acetylation and since their modification 
does not appreciably affect complex formation in 
any event (see above), it is possible that the effects 
resulting from the reaction with fluorodinitrobenzene 
were a consequence of a modification of the histidyl 
moiety of the protein. 

Further evidence for the involvement of histidyl 
groups in the protein-hem linkage comes from work 
on complex formation between hematin and human 
serum albumin which has been photo-oxidized. Weil 
and co-workers'*-!? have demonstrated that ‘or a 
number of crystalline proteins, photo-oxidation in 
the presence of methylene blue resulted in a rapid 
decrease in the histidine and tryptophan content of 
the protein and a more gradual decrease in the tvro- 
sine, methionine, and cystine content on prolouged 
oxidation. We have found a similar rapid decrease 
in the histidine and tryptophan content and a much 
slower decrease in the tyrosine content of human 
serum albumin photo-oxidized under the same 
conditions. Histidine was estimated colorimetrically 
after acid hydrolysis and separation by paper chroma- 
tography'*, and the tyrosine and tryptophan were 
determined by the methods of Bernhart}® and Shaw 
and McFarlane*® respectively. 
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Fig. 2. Relative optical density at 400 my for the complex 


between hematin and human serum albumin photo-oxidized to 

varying degrees. Curve A observed with human serum albumin 

oxidized in the presence of hematin, and curve B observed with 

human serum albumin oxidized in the absence of hematin. 

Absorption is expressed as per cent of that observed for the 

control complex of native human serum albumin and 
hematin 


The photo-oxidation of 1 per cent human serum 
albumin in phosphate buffer, pH 7-4, was carried out 
in a Warburg respirometer at 30° according to 
Weil’s procedure**. Three different incubation 
conditions were employed: (a) incubation in the 
light with a two-fold molar amount of hematin ; 
(6) incubation in the light with no hematin; (c) 
incubation in the dark. Condition (c) resulted in no 
oxygen uptake, and was used as a control for the 
spectrophotometric studies and for the histidine 
determinations. The number of moles of histidine 
oxidized was proportional to the number of moles 
of oxygen uptake and for a given number of moles 
of oxygen consumed the disappearance of histidine 
was identical for both conditions (a) and (b). At the 
completion of the photo-oxidation all tho flasks were 
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placed in the dark, hematin was added ‘to the flasks 
incubated under conditions (b) and (c), the methylene 
blue was removed by ‘Norite’ (activated charcoal), 
and aliquots appropriate for spectrophotometric 
or amino-acid analysis were removed from the 
filtrate. 

Fig. 2 indicated that the absorption in the Soret 
region for the complex between hematin and human 
serum albumin which had been photo-oxidized fell 
regularly with a decrease in the histidine content of 
the protein. It is also evident that human serum 
albumin when photo-oxidized in the presence of 
hematin showed a greater degree of complex forma- 
tion than did a sample which had the same histidine 
content but which had been photo-oxidized in the 
absence of hematin. This observation could be 
explained by the supposition that hematin, when 
complexed with human serum albumin, protected 
certain histidine groups of the protein which were 
essential for complex formation. The possibility 
remains, however, that the effects observed are a 
consequence of the involvement of more profound 
changes in the structure of the molecule than just a 
loss of histidine content. Brake and Wold** have 
reported that photo-oxidation of enolase resulted in 
some heterogeneity of the enzyme as observed in the 
ultra-centrifuge. 

Although none of the evidence presented above is 
conclusive by itself, when the results from the work 
with zinc, fluorodinitrobenzene, and photo-oxidation 
are considered together, we believe that they repre- 
sent fairly strong evidence for considering that 
histidyl groups are involved in the binding of hematin 
with human serum albumin. 

This work was partially supported by a grant to 
one of us (H. N. L.) from the National Institutes of 
Health (Grant No. A-3526). 
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HE recent communications by Shettles',’, claim- 

ing that discrete chromosomes could be demon- 
strated in dried unstained smears of human sperma- 
tozoa and that X- and Y-bearing types could be 
morphologically distinguished, and the comments 
by Rothschild* and Bishop‘ induce me to join the 
discussion. Rothschild, not accepting Shettles’s claims, 
asks for an explanation of what, in reality, has been 
observed. In my opinion there cannot be the slightest 
doubt that Shettles has misinterpreted a number of 
optical artefacts. Special reference should be made 
to the work of Oettlé, who investigated the effects 
of varying conditions in phase-contrast systems, 
including exact measurements of phase-retardation in 
dried unfixed human spermatozoa’, and the occur- 
rence of optical artefacts*. 

Objects that are not completely flat, exert a focus- 
ing action like tiny lenses’. In the case of spherical 
particles, an image can be produced of another object 
at some distance without much distortion, whereas in 
the case of structures of cylindrical or irregular curve- 
bounded shapes, any image produced will be highly 
distorted. If the diffraction images produced by a 
number of structural details exerting lens-like action 
overlap, highly intricate interference patterns can 
be produced that do not bear any morphological 
relationship to either the structure producing the 
image or to the more distant object*. In phase- 
contrast, structures with focusing action can produce 
images of the phase-diaphragm below the condenser. 
With a population of structural details at different 
planes along the optical axis, the plane of optimal 
focus for one part of the structure may coincide 
with that in which other out-of-focus details produce a 
spurious image’. If heavy aberrations are introduced 
into the optical system, such as spherical aberration 
and coma, produced by neglecting tube-length correc- 
tion with high-power dry objectives and by faulty 
alignment of the optical components, blurring of the 
total image occurs which may render the spurious 
effects more difficult to recognize. 

All these effects are present in the photomicro- 
graphs published by Shettles. Since I have investi- 
gated thousands of human spermatozoa with a large 
number of different techniques*-"*, including several 
types of phase-contrast (both with annular and cross- 
shaped phase stops) and interference microscopy, I 
am not at all unfamiliar with the way in which such 
artefacts may be produced. The round heads of 
Fig. 1 of Shettles’s first communication most clearly 
show a spurious image of the annular phase-stop, 
whereas the longer ones show heavy optical mem- 
branes around an unsharp central image, probably 
of a head in side or semi-side view, closely conforming 
to the types of optical artefacts analysed by Oettlé®. 
His Fig. 2 also shows very heavy optical membranes, 
a clearly recognizable image of the phase annulus 
in the round sperm head, and an overall blurring due 
to spherical aberration and coma, the optical system 
being out of alignment as proved by the one-sided 
dark shades. Shettles’s Fig. 3 shows the same 


NATURE 


NUCLEAR STRUCTURE OF HUMAN SPERMATOZOA 






December 10, 1960 


VoL. 188 








phenomenon in reversed contrast; in the round 
sperm head the spurious image is even a perfect 
circle, which should have made every observer 
suspicious, since generally cell structure does not 
conform so perfectly to a geometrical shape, whereas 
in the longer head, optical distortion of this image has 
occurred owing to the rather different shape of the 
specimen. 

Neither do the photomicrographs supplied in the 
second communication support his case. Fig. | 
has been produced with the optical system admittedly 
out of alignment “to show third dimension” (sic), 
This photograph shows very heavy haloes around the 
heads and one-sided interference fringes along the 
tails, whereas the shadows inside, erroneously inter- 
preted as ‘chromosomes’, result only from the 
eccentric illumination ; if the condenser system is 
brought in alignment, such shadows are shifted to the 
centre of the cell. The final clue is given by Shettles’s 
second Fig. 2, which far from proving his claims, 
definitely settles the account, so far as physical 
optics are concerned. The ‘chromosomes’ most 
certainly result from an interference pattern produced 
by out-of-focus details both in the specimens and 
outside. 

In the background of the picture to the left a num- 
ber of interference patterns is shown, in which the 
shape of the phase annulus can still be recognized. 
The superposition of such patterns, further modified 
by light scattering and diffraction, may easily explain 
the production of the final image, which is com- 
pletely out of focus with respect to the specimen 
itself ! The same holds true for the long head, where 
there are at least as many ‘chromosomes’ to be seen 
outside the sperm head and surrounding it as inside, 
the only difference being that the outside interference 
pattern shows less contrast and is situated in a differ- 
ent focal plane, as is only to be expected, the specimen 
modifying the wave-front by lens-like action. The 
optical section in this specimen being approximately 
spindle-shaped, lens-like action along the longitudinal 
axis is much less than across the stronger curved 
transverse axis, thus explaining why the interference 
pattern here shows a mainly longitudinal array, while 
in the round head a circular pattern prevails. If 
instead of an annular phase-contrast system a cross 
system, as manufactured by Messrs. Baker, is 
used, similar interference patterns are obtained if the 
microscope tube is lowered after optimal focusing, 
however, with the difference that instead of a circular 
basic pattern, a rectangular pattern is produced ; 
if, on the other hand, the tube is raised above the 
position of optimal focus, a bright image of the cross 
diaphragm of the substage appears, thereby proving 
the artefactual nature of the phenomena. 

Finally, it should be emphasized that with the 
kind of phase-contrast employed (Zeiss positive PH), 
if the specimen appears dark against a lighter sur- 
round, any chromosome should appear dark, too, 
and not bright, as in Shettles’s second Fig. 2, since 
phase-retardation of chromosomes is always higher 
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Fig. 1. Living human spermatozoon, photographed with Zeiss 

phase-contrast system while swimming, showing well-defined 

nucleus. Normal en -_s — of spurious effects 
x 


’ 


Fig. 2. Dried, unfixed and unstained human spermatozoon, dry 

mount. Photographed with ordinary transmitted illumination 

with dry objective N.A. 0°65 (x 1,000). Normal specimen, 

showing well-defined nucleus and extension of midpiece into the 
head. No evidence of spurious effects 


Fig. 3. Heads of human spermatozoa showing positive Feulgen 
reaction (dark) after treatment with concentrated acetic acid. 
Resin mount, a with Zeiss annular phase-contrast 
oil-immersion system. e round head to the right clearly shows a 
similar optical artefact to those depicted by Shettles and inter- 
preted by him as an X-chromosome. The artefact nature of the 
phenomenon is clearly demonstrated by the same image, with 
exactly the same dimensions, ap ing outside the specimens in 
the background. The two heads near the bottom do not show 
distinct spurious effects (x 2,670) 


Fig. 4. Same slide as 3, showing similar artefact inside and 
several times outside the sperm head. If the centre of the artefact 
image should have shifted just past the border of the head, the 
head would have shown optical artefacts of similar shape as shown 
by Shettles in his photographs of ‘male’ sperm hi (x 2,670) 
Fig. 5. Feulgen reaction applied without pretreatment ; ordinary 
transmitted illumination. Black area, positive test; grey, 
counterstain (x 2,000) 


Fig. 6. Human spermatozoon in dry mount without any further 
preparation, photographed with annular phase-contrast oil-immer- 
sion system, demonstrating that the optical artefacts can be as 
easily obtained with immersion objectives as with dry ones, 
but with much better definition, greatly fecilitating recognition 
of artefacts. Spurious effects shown : images of phase a 
both inside and outside the sperm head, corresponding to the arte- 
factual structures called X-chromosomes by Shettles; heavy 
optical membranes ; interference fringes at eee up to the 
third order. No detectable effects of spherical aberration or coma ; 
optical system in good alignment as shown by symmetry of 
interference fringes (x 4,000) 


All photographs by the author 


than that of other nuclear components and cyto- 
plasm, whereas exact measurements with interference 
microscopes show that phase shift is not yet sufficient 
to produce contrast reversal with the phase plates 
used in the Zeiss PH system. I may add that with 
properly adjusted phase-contrast optics there is no 
difficulty at all in observing dried unstained spermato- 
zo& with oil-immersion objectives; any structure 
that is really present must, if it can be observed 
with a dry objective, also be observable with oil- 
immersion. 

Now the problem remains of the presence of two 
distinet populations of different shape and size. If 
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this should be the case, a 
bimodal size-frequency distri- 
bution must be expected, and 
also a bimodal distribution of 
nucleic acid. Thus far, bimodal 
size distributions have never 
been found, either in ‘normal 
spermatozoa or in  pathologi- 
cal specimens*.'*, and the same 
holds true with respect to 
nucleic acid, arginine and total 
dry mass'*"*. To prove this 
part of his claims, Shettles 
should supply extensive bio- 
metrical data (size-frequency dis- 
tributions and mathematical 
proof of significance if any tendency to bimodal 
curves should occasionally be observed). 

Giant sperms, with heads more than 8y long, do 
exist ; but these are definitely abnormal!’. Shettles’s 
magnification calibration remains at fault, his new 
photographs giving head-length values of the order of 
30-50u. It may be incidental, but both types of 
sperm heads have been observed previously in 
abundance in varying amounts in abnormal ejacu- 
lates'®,!* ; this makes it even more unlikely that these 
should bear any relationship to sex ratio. 

Although the arguments of physical optics and of 
biometry must in themselves be considered as final, it 
is only fair to add some cytological data, since it is to 
this part of my own work that Prof. D. W. Bishop* 
especially refers. Contrary to the condition in 
somatic interphase nuclei, chromosomal material 
in the sperm nucleus is not highly hydrated and 
therefore the possibility of optical differentiation 
cannot be excluded a priori. However, since no 
method of microscopical observation, not even the 
most sensitive methods of interference microscopy, 
has revealed any such structural detail in the living 
specimen, it is concluded that any chromosomal 
material must be highly compressed, a condition 
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Fig. 7. Size frequency distribution curve (ref. 12) of 1,500 human 
spermatozoa from donors of proved - « fertility, measured 
with phase-contrast in the living state. . length of head; N, 
absolute number. The curve follows the mathematical equation 


N = Novas. exp( —H(in ZY) 


and demonstrates complete absence of any bimodality. Modus, 
4-44; mean, 4°54 















918 NATURE 


which again produces optical homogeneity. There 
ig no reason why, in such a colloid-chemical system, 
simple drying should produce any effect other than 
shrinkage of the gel as a whole, so optical differentia- 
tion cannot be expected in this case either, contrary 
to experience with somatic cells. If simple drying 
should produce separation of discrete chromosomes, 
these should also be demonstrable by electron micro- 
scopy, which even with the most advanced techniques 
has not been the case?®,*!, 

Shettles* claims that the Feulgen test, being 
positive in the centre of the head, should support his 
views. In fact, this is not so. Apparently, tc support 
the idea of distinct chromosomes being present, these 
structures should be demonstrated by the Feulgen 
reaction itself on observation with ordinary bright- 
field microscopy, phase-contrast pictures of dried and 
stained unmounted specimens obviously being equally 
liable to optical artefacts as unstained ones. Although 
differentiations that may point to demonstration of 
chromosomal structure have been obtained in the 
form of Feulgen-positive material remaining after 
an extractive treatment with concentrated acetic 
acid",'*, consistent results obtained without rigorous 
chemical pretreatment, with the Feulgen reac- 
tion™,'*-1*, Robinow staining and staining (including 
vital) with methyl green'*, all confirm that in the 
native sperm nucleus the chromatin material is in a 
condensed karyosome form, contraverting Shettles’s 
statements. 

From a purely cytological point of view the final 
argument may be raised by asking why chromosomes 
in a ‘female’ spermatozoon should appear more or less 
globular and in the ‘male’ sperm elongated, while it 
is known that no such differentiation is found in 
autosomes and neither in the ovum, and why the 
individual forms, even in the same types of sperms, 
should not show reproducible shapes, which conflicts 
witn all we know about chromosomes. 


C. VAN Dutsn, JUN. 


Biophysics Department, 
‘Schoonoordi’ Research Institute for 
Animal Husbandry, 

Hoogt 10, 

Utrecht, 

Netherlands. 
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BRIGHT-LIGHT microscopy has been used for more 
than thirty years and phase-contrast microscopy for 
ten years, the latter in studies of more than two 
thousand human oocytes and ova. If these methods 
are not used properly by one who knows what he js 
observing, many errors can be made. 

Thin, dried smears of normal spermatozoa from 
more than 200 men of proved fertility have now been 
studied. In each individual the two populations of 
spermatozoa already reported'* concerning nuclear 
morphology have been seen (Figs. 8 and 9). The 
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Fig. 8. Unstained, dried human spermatozoa. Phase contrast 
(x ¢. 430). Rounded and elongate heads 





Fig. 9. Unstained, dried human spermatozoa. Phase contrast 
(x ¢, 439). Light adjusted to show third dimension 
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Fig. 10. 


Chromosomal patterns in the rounded and elongate 
types of spermatozoan heads. Front views. The Feulgen-positive 
chromosomes are dumb-bell-shaped and touch end-on like pearls 
of a necklace. Phase contrast ( x c. 860) 





PHOTO-ASSIMILATION OF ACETATE BY GREEN ORGANISMS 
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chromosomal patterns in the two types of heads are 
shown in Fig. 10. The chromosomes are dumb-bell in 
outline and touch end-on like pearls of a necklace. In 
some spermatozoan heads sufficiently flattened, all 23 
chromosomes have been seen. On breaking the thick 
membrane of the spermatozoan head, the Feulgen- 
positive, discrete, separate, dumb-bell-shaped chromo- 
somes are easily and readily observed. In every 
man there has been the exact pattern of the Feulgen- 
positive, concentrically arranged chromosomes around 
the most central, rounded chromosome in the smaller, 
rounded type of head, and an ovoid pattern in the 
more elongate type (Fig. 10). 
LANDRUM B. SHETTLES 

Columbia University, 
College of Physicians and Surgeons, 
New York 32, N.Y. 


1 Shettles, L. B., Nature, 186, 648 (1960). 
* Shettles, L. B., Nature, 187, 254 (1960). 


By Pror. E. G. PRINGSHEIM and Dr. W. WIESSNER 


Pflanzenphysiologisches Institut, Gottingen 


Acetate Flagellates 


ORTY years ago the senior author! published a 

paper showing that for a colourless flagellate 
Polytoma uvella acetate is a specific nutrient. Up 
to this time it had only been known that these organ- 
isms live in a complex mixture of so-called putrefac- 
tion products. Although it seemed surprising at the 
time, this result attracted little attention then. 
Acetic acid is now known to play a prominent part 
in the metabolism of most organisms. 

Polytoma deposits starch as a reserve which it is 
unable to produce from glucose, whereas acetate is 
readily transformed into starch. 

Lwoff? showed that there are more colourless and 
also green flagellates, not all closely related to 
Polytoma, which produce body material and polysac- 
charides, and gain their energy from fatty acids in 
the dark much in the same way. These flagellates 
were therefore called acetate organisms’. 


The impression that acetate as a nutrient is of 


considerable importance was strengthened by the 
observation that some chlorophyllous organisms were 
greatly assisted in multiplication by acetate in the 
light. Euglena gracilis and Chlorogonium elongatum, 
for example, are able to live by photosynthesis but 
grow poorly without acetate. Others, like some 
colonial Volvocales, though green, cannot grow at all 
without acetate, even under conditions favourable for 
photosynthesis‘. The facility with which these live on 
acetate in the dark varies from organism to organism. 


Chlamydobotrys and its Nutrition 


Organisms with a complex and variable nutrition 
did not prove suitable for elucidating the way acetate 
and light work 
green flagellates. By testing numerous forms‘ we 
came across a genus of colonial Volvocales, Chlamydo- 
botrys*, which, though distinctly green, is quite unable 
to live by photosynthesis in the absence of acetate, 





together in the metabolism of 


which, however, is not sufficient to cause it to grow in 
the dark. 

Ten strains were isolated from material collected in 
widely separated localities. Some, which multiplied 
faster than the rest, proved suitable for experiments 
because of their multiplication at relatively high 
temperatures. All of them require acetate, the vita- 
mins thiamin and cobalamin and an organic source 
of nitrogen in addition to inorganic salts, including 
trace elements. The medium ought to be neutral or 
slightly alkaline. Optimum temperature is 25-30° C. 
and light intensities 2,000—5,000 lux. Acetate cannot 
be replaced by other organic acids or by sugar or 
alcohol. For most experiments a mixture described 
in our laboratory as Huglena gracilis-solution was 
used. The composition is: sodium acetate 0-1 per 
cent, ‘Difco’ tryptone 0-2 per cent, ‘Difco’ yeast 
extract 0:2 per cent, beef extract 0-1 per cent. 

The inability of Chlamydobotrys to multiply unless 
both acetate and light were provided required an 
explanation. There were several possibilities: (1) 
Light may be required not as a source of energy but 
because some ‘photomorphotic’ influence is essential 
for growth. Green and blue light was not effective, 
but red was, and there are further reasons (ref. 5, 
Chap. 4) why this explanation is not satisfactory. 
(2) Normal photosynthesis might not be sufficient to 
support growth, a situation known in a few faintly 
pigmented flagellates. Supplementation by another 
source of energy, acetate in this case, would therefore 
be required. However, this explanation is again not 
satisfactory. First, Chlamydobotrys is quite green, 
and secondly, the pale organisms, referred to above, 
grow in darkness. (3) It may be assumed that both 
an organic substrate and light energy are necessary 
because of a photochemical reaction in which acetic 
acid is involved and which takes place in the chrom- 
atophores*. If so, ‘normal’ photosynthesis would not 
be involved and consequently carbon dioxide would 
not be required nor would oxygen be produced. 

This hypothesis was tested in various ways. 
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Culture Experiments 


Independence of carbon dioxide for the growth of 
Chlamydobotrys with acetate in the light was investi- 
gated : 

(1) Cultures in test-tubes with cotton-wool plugs 
and containing acetate medium were kept under an 
air-tight bell jar. Carbon dioxide was removed by 
potassium hydroxide solution absorbed on filter 
paper covering a glass cylinder. This increased the 
effective absorbing surface exposed to the gas. 
Growth was the same as outside in air. 

(2) Absorption of carbon dioxide might have been 
too slow because of the large volume of the jar. 
Cultures as above were therefore grown in small test- 
tubes individually enclosed in larger ones. Each 
rested on a short length of glass tubing so that the 
lower portion of the outer tube could be filled with 
potassium hydroxide up to the bottom of the culture 
tube. Growth was normal. Chlorogonium elongatum, 
two strains of Huglena gracilis and Chlorella vulgaris 
were also found to multiply under these conditions. 

(3) A medium of Euglena gracilis solution as in 
(1) and (2) with 0-5 per cent agar was melted, boiled 
in test-tubes to remove dissolved gases, cooled to 
42° C., inoculated, stirred by repeated pouring back- 
wards and forwards in sterile tubes, and eventually 
solidified in cold water. 

treen colonies developed throughout the 10-cm. 
high agar column. There was no difference in size 
between the colonies at the bottom and those near 
the surface. Euglena gracilis behaved in the same 
way, while several other green flagellates in contrast 
showed a denser growth near the surface than in 
the depth. 

(4) A possible objection to the previous experiments 
is that some carbon dioxide might still have been left 
or produced by respiration. Cultures were therefore 
prepared through which air, freed from carbon 
dioxide by potassium hydroxide, was continually 
bubbled. One washing bottle with barium hydroxide 
was inserted in the gas line and one behind the 
cultures. 

Growth took place as usual, and only a very slight 
production of carbon dioxide was detected. Huglena 
and Chlorogonium also multiplied. 

A further objection might be that respiration 
could have occurred with the production of carbon 
dioxide which was immediately consumed in photo- 
synthesis. Anaerobic growth with acetate in the 
light was therefore believed to be worth testing. 
Chlamydobotrys grows in putrid conditions as well 
as in the depth of pure cultures* and in an agar 
column. 

(5) By excluding oxygen along with carbon dioxide 
the absence of normal photosynthesis could be estab- 
lished unambiguously. Cultures mounted as in (2) 
were therefore prepared with pyrogallic acid added to 
potassium hydroxide solution so that both carbon 
dioxide and oxygen were absorbed. 

jrowth was unimpaired compared with cultures 
in contact with’ the air (through the cotton-wool 
plug), and so was that of Huglena and Chlorogonium. 

(6) Instead of air, nitrogen free of carbon dioxide 
and oxygen was bubbled through the cultures. As 
in all these tests the pressure inside the culture 
vessels was slightly greater than atmospheric. 
Complete absence of oxygen was established by using 
wash-bottles with pyrogallol in potassium hydrox- 
ide. As an indicator, and to make certain that no 
trace of oxygen was left, Wittingham’s’ anthra- 
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quinone-2-sulphonic acid in alkaline solution wag 
used in wash-bottles inserted in the gas stream 
before and after the culture tubes. 

Growth was again normal. 

(7) To ensure anaerobic conditions sodium sulphate 
was added to the medium. Two kinds of experiments 
were performed. 

(a) To 23 ml. portions of nutrient solution with 
acetate 2, 4 and 6 drops of 1 per cent sodium sulphide 
solution were added. Each medium was distributed 
into test-tubes with screw tops and soft washers, 
In the light the Chlamydobotrys strains, Euglena, 
Chlorogonium and Chlorella grew in the normal way. 
They are therefore not hampered by a hydrogen 
sulphide concentration in excess of that required to 
bind all free oxygen. 

(6) Sodium sulphide solution was added to liquefied 
agar medium with acetate which had been inoculated 
with the same organisms at 41—42° C. and solidified. 
Green colonies developed down to the bottom without 
difference in size, except in the case of Euglena and 
Chlorogonium, which showed denser growth near the 
surface. 

These tests established the fact that Chlamydo- 
botrys multiplies in the absence of carbon dioxide 
and oxygen when acetate and light are provided. 
Since growth is no slower in these conditions than in 
control tubes, initial carbon dioxide production by 
respiration with following photosynthesis is ruled out. 

Our culture experiments, though instructive in 
respect to living conditions and nutritional require- 
ments, were not deemed sufficient to elucidate the 
peculiar metabolic features which Chlamydobotrys 
appears to have. Moreover, experiments with some 
other green organisms known to live heterotrophically 
on acetate had shown that Huglena gracilis, Chloro- 
gonium elongatum and Chlorella (strain 211/1lh 
Beijerinck) can live likewise, multiply anaerobically 
with acetate in the light, although they are also 
capable of normal photosynthesis. 

The culture experiments were therefore supplem- 
ented with measurements of gas exchange and 
pH shifts with and without acetate and light respec- 
tively. Again five strains of Chlamydobotrys and the 
three other algae were used. 


Experiments on Metabolism 


Two kinds of experiments on the metabolism of 
our organisms were undertaken: (1) Measurement 
of gas exchange with the Warburg technique ; 
(2) the following of acetate consumption by measur- 
ing the rise of pH and titration with hydrochloric 
acid to constant pH. 

In these experiments the temperature was 25° C. 
The living material was grown in 300-ml. tubes 
through which air with 5 per cent carbon dioxide 
was bubbled. Neutral Euglena gracilis solution was 
mixed with the same volume of a dilute inorganic 
nutrient solution with trace elements and ethylene- 
diamine tetraacetic acid. The density and dry 
weight of the cultures was less in the case of Chlamydo- 
botrys than in Euglena and Chlorogonium but satis- 
factory. The living material was centrifuged off, 
washed twice in neutral M/100 phosphate buffer 
containing inorganic nutrients without nitrate and 
ammonium and for the measurements transferred 
into the same buffer solution. Acid and alkaline 
solutions were harmful and could not be used. The 
healthy state of the delicate living material was 
ascertained after the experiments. 
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Fig. 1 Anaerobic utilization of acetate by Chlamydobotrys. Light, 

14,000 lux ; temperature, 25°C. The uptake of acetic acid was 

measured as amount of 0:05 N hydrochloric acid needed to keep 
the pH constant 


(1) In the five Chlamydobotrys strains oxygen 
consumption in the dark in a medium without 
energy substrate was low, on the average 2/3 that of 
Chlorogonium, a little higher than that of Chlorella 
and 1/2 that of Euglena gracilis. With acetate added, 
oxygen consumption of Chlamydobotrys was increased 
by 40 per cent and that of Huglena by 70-80 per cent, 
while that of Chlorogonium became four times and 
that of Chlorella ten times that without. Glucose 
had only negligible influence on the respiration of the 
three flagellates, which are also unable to utilize it for 
growth, while that of Chlorella increased six times. 

Photosynthesis at 14,000 lux measured as oxygen 
production in air with 5 per cent carbon dioxide was 
also low in Chlamydobotrys (in three strains almost nil) 
while the other organisms gave quite a good response. 
With acetate added there was no production but a 
consumption of oxygen by Chlamydobotrys, though 
less than in the dark, no doubt owing to a feeble 
photosynthesis. In Chlorogonium, Euglena and 
Chlorella oxygen was produced by photosynthesis 
in the presence of acetate ; but it was appreciably 
reduced by its addition. 

These photosynthetic experiments were supported 
by measuring the production of oxygen with the 
dropping-mercury electrode*. The relative quantity 
of oxygen produced showed the same relation between 
the various strains. 
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(2) Acetate-consumption m the dark and in the 
light was estimated by Clayton’s® (1955) technique’. 
A specially devised glass vessel was provided with a 
magnetically activated stirrer. A glass electrode was 
immersed in the medium for measuring pH, and 
titration with hydrochloric acid was used to keep the 
pH constant. The experiments were done under 
anaerobic conditions (nitrogen atmosphere). The 
vessel was kept at a constant temperature of 25° in a 
water-bath, which also protected it from heat accom- 
panying the strong external illumination. 

We measured the influence of illumination and of 
addition of acetate on the hydrogen ion concentration. 
With acetate in the solution, turning on the lamp 
resulted in an immediate rise in pH, while in the dark 
it remained constant. With the light on, addition of 
acetate resulted in an instant increase of pH, while 
it remained constant (Fig. 1) in the dark. 

The very rapid influence of the addition of acetate 
shows that it took almost no time for the molecules to 
penetrate through the cell wall and protoplasm into 
the chromatophores. It also renders improbable a 
long chain of intermediate metabolic processes to be 
passed before acetic acid is converted into a non- 
acid compound with the help of light energy. The 
quantity of acetic acid consumed was about che same 
in four of the strains of Chlamydobotrys, while in the 
fifth it was 50 per cent higher. In Chlorogonium it 
was about three times as much as the average of 
Chlamydobotrye while Euglena had the lowest con- 
sumption. 

We conclude that the same process of anaerobic 
photo-assimilation of acetic acid as in Chlamydobotrys 
also takes place in Euglena, Chlorogonium and Chlor- 
ella, which in addition are endowed with normal 
photosynthesis which in Chlamydobotrys is negligible. 

It is proposed to call the new reaction photo- 
assimilation of acetate as opposed to the photo- 
assimilation of carbon dioxide, which in itself is 
not a ‘synthesis’. The investigations are being con- 
tinued. 


1 Pringsheim, E. G., Beitr. allg. Bot., 2, 88 (1921). 

2 Lwoff, A., “‘Recherches Biochimiques sur le Nutrition des Proto- 
zoaires’’, Monogr. Inst. Pasteur, Paris (1932). 

3 Pringsheim, E. G., Naturwiss., 28, 110 (1935). 

—— E. G., and Pringsheim, O., Biol. Zentralbl., 78, 937 

5 Pringsheim, E. G., Osterr. Bot. Z. (in the press). 

* Pringsheim, E. G., Planta, 52, 405 (1958). 

7 Wittingham, ©. P., J. Exp. Bot., 7, 273 (1956). 

® Schién, W. J., Flora (Jena), 142, 347 (1954). 

* Clayton, R. K., Arch. Mikrobiol., 22, 195 (1955). 

1° Wiessner, W., Flora (Jena), (in the press). 


TRANSLOCATION FROM LEAVES OF RYE 


By Dr. A. MAYER and Pror, HELEN K. PORTER, F.R.S. 


Agricultural Research Council Unit of Plant Physiology, Imperial College of Science and Technology, 
London, S.W.7 


"THE filling of the cereal grain is accomplished as 

a result of the assimilatory activity of the top 
leaf and sheath on each tiller, together with that of 
the ear itself?. During this time, however, there may 
be up to five green leaves on a single tiller from which 
photosynthate could be translocated. Movement of 
material from such leaves has now been examined in 
the rye plant by supplying single leaves with carbon-14 





dioxide and determining the distribution of radio- 
activity in materials soluble in ethanol and in water 
(mainly sucrose and fructose polymers) throughout a 
tiller after assimilation of the carbon-14 dioxide 
followed by a period in air and light. 

Petkus winter rye was grown in the open in pots. 
Five plants were selected at the time of anthesis, 
when the stems were fully extended and the top 
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(flag) leaf was approaching full expansion. An 
amount of carbon-14 dioxide equivalent to 5-5 mgm. 
of hexose was supplied to one leaf of plants exposed 
to bright sunlight. The lowest leaf (1) was yellowing 
and was not included in the sequence of leaves 
(numbers 1—5, bottom to top) receiving carbon-14 
dioxide. Assimilation of carbon-14 dioxide was 
complete in 2-2} hr., and the plants were then left 
in air and light for a further 2 hr. In a further 
experiment, in which the third leaf from the bottom 
was exposed to carbon-14 dioxide, the plant was left 
under normal conditions for three weeks, by which 
time the ear had reached its maximum dry weight. 
The amount of radioactivity in the soluble material 
of each part of the tiller was estimated, and in the 
last experiment in both soluble and insoluble frac- 
tions. The results are summarized in Table 1. 


Table 1, DISTRIBUTION OF RADIOACTIVITY IN THE SOLUBLE MATERIAL* 
OF TILLER PARTS OF RYE, FOLLOWING ASSIMILATION OF CARBON-14 
DIOXIDE BY A SINGLE LEAF 


Carbon-14 dioxide (total activity 360 x 10* c.p.m., amount = 5-5 mgm. 
hexose) was assimilated in 2-2} hr. Plants then kept in light and air 
for a further 2 hr. 

Leaf receiving carbon-14 
dioxide numbered from 


tiller base 2 3 4 5 3 
Leaf fresh weight (mean of 
4 in mgm.) 269 362 275 106 250 
Time after start of exposure 
to carbon-14 dioxide 4—4°5 hr. 3 weeks 


Percentage of total activity supplied in 
carbon-14 dioxide 
Insol- 
Soluble uble 
Whole tiller (by addition) 83 76 46 2 5 


Treated leaf 80 39 26 26 1 2 

Sheath of treated leaf 3 17 1 5 1 

Stem internodes 0 15 19 15 1 2 
car 0 4 — 5 1 1 


There was no activity in untreated leaves and only traces in some 
sheaths. Roots were slightly radioactive in all plants. 


* Each part extracted successively with 80 and 50 per cent ethanol, 
and then three times with cold water. Extracts combined. 


The range of distribution through the tiller, after 
4 hr., of carbon-14 from a single leaf was limited. 
No activity appeared in leaves other than those 
receiving carbon-14 dioxide, and only traces in leaf 
sheaths. In stems, activity was mainly in two inter- 
nodes, one above and one below the insertion of the 
sheath of the treated leaf. 

The proportion of radioactive material in soluble 
form in the whole tiller and in the treated leaf 
depended on the position of the leaf on the tiller. 
There was little translocation from the oldest leaf 
treated (leaf 2), for, at the end of the 4-hr. period, 
80 per cent of the carbon-14 assimilated was in the 
extract from this leaf. With leaf 3, 37 per cent of 
the carbon-14 was in the extracts from the leaf 
sheath and stem internodes, and 39 per cent remained 
in the leaf extract, so that 76 per cent was in soluble 
products. Only a small fraction of the activity 
reached the ear (4 per cent). With the two upper 
leaves (4 and 5), 50 per cent of the assimilate remained 
in the soluble form after 4 hr., of which about half 
was in the treated leaf, 17 per cent in the stem, and 
about 5 per cent in the ear. In the plant left for three 
weeks after treatment of leaf 3, only 7 per cent of 
the initial activity persisted anywhere in the tiller. 
More than half this amount was in the insoluble 
fractions of leaf 3 and the stem internodes, and less 
than a third (less than 2 per cent of the initial activity) 
in the ear. Qualitative observations showed a small 


amount of activity in adjacent tillers, and rather 
larger amounts in roots. These amounts, together 
with respiration losses, presumably accounted for the 
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disappearance from the tiller, over the period of grain 
filling, of about 90 per cent of the carbon-14 pre. 
viously assimilated by leaf 3. These results certainly 
support the view that assimilation by lower leaves 
on cereal tillers does not contribute materially to the 
growth of the grain. 

Paper chromatograms (propanol/ethylacetate 
water) prepared from samples of the tissue extracts 
were sprayed with benzidine to show the distribution 
of saccharides and radioautographed to show the 
distribution of radioactivity. In all parts of the 
tiller there waz present, in addition to sucrose, 
fructose and glucose, an array of fructose polymers 
which appeared on the paper as a sequence of spots 
above sucrose extending to the starting line (ef. 
ref. 2). In extracts of the leaves which had received 
carbon-14 dioxide, although most of the activity was 
in sucrose, all the fructose polymers were radioactive. 
In sheaths and the stem internodes, however, activity 
was confined to sucrose. It is remarkable that no 
trace of activity was found in the large array of 
soluble fructose polymers present in these tissues. 

By combining all the ethanol/water extracts, an 
estimate of the proportion of the activity in sucrose 
and in the fructose polymers of the leaves was obtained 
after fractionation of the saccharides on a charcoal 
colunm. The radioactivity was distributed between 
six fractions eluted respectively by water, 5, 20, 30, 
50 and 80 per cent ethanol. Water removed 13 per 
cent of the activity from the column, presumably in 
hexoses. 5 per cont ethanol removed 82 per cent, of 
which all but 1 per cent was sucrose; this small 
fraction, which was eluted after sucrose, yielded only 
fructose and glucose on hydrolysis, and its position 
on a paper chromatogram suggested that it was a 
trisaccharide. 

There remained a further 5 per cent of the activity 
incorporated into oligosaccharides. Four-fifths of 
this amount was eluted by 20 per cent ethanol. This 
material was resolved into three fractions by paper 
chromatography, the two faster-running substances 
being radioactive and probably tri- or tetra-sacchar- 
ides. These substances also yielded only fructose and 
glucos2 on hydrolysis. Material eluted by higher 
concentrations of ethanol contained only traces of 
activity and did not move from the starting line on 
paper chromatograms. At the time of grain filling, 
therefore, synthesis of fructosans from newly assim- 
ilated carbon was virtually confined to formation of 
tri- and perhaps tetra-saccharides in the leaves, for 
at least 4 hr. following photosynthesis. 

If sucrose is assumed to be the precursor of the 
fructose polymers, these results suggest that the 
transfer mechanism in leaves only slowly builds up 
the well-known series of fructose polymers. Further- 
more, fructose polymers do not move out of the leaf 
with sucrose, and consequently accumulation in 
sheaths and stems must result from new synthesis 
from incoming sucrose. The amounts formed are 
known to depend in part on the nutritional status of 
the plant—and especially the nitrogen supply*. Since 
no labelling appeared in fructosans of the stems and 
sheaths in 4 hr., little new synthesis can occur after 
the time of anthesis, when in fact the overall amounts 

are falling (see ref. 4). 


1 Archbold, H. K., Nature, 156, 70 (1945). Buttrose, M. S., and May, 
L. H., Austral. J. Biol. Sci., 12, 40 (1959). 

* Porter, H. K., and Edelman, J., Biochem. J., 50, xxxiii (1952). 

* Archbold, H. K., Ann. Bot., N.S., 2, 403 (1938). Russell, R. 8., idid., 
2, 865 (1938). 

* Archbold, H. K., New Phytol., 39, 185 (1940). 
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COSMOLOGY 


Interpretation of Cosmology 


RECENT correspondence by McCrea!? and David- 
son? has been concerned with distinguishing between 
steady-state and evolutionary type cosmologies. In 
particular, McCrea’ has suggested that there is a 
fundamental inability to distinguish experimentally 
between the two types, and that this fact should be 
built into any satisfactory cosmological theory. It 
is shown here by considering a gravitational formula- 
tion of Mach’s Principle that it is possible to incor- 
porate this indistinguishability directly into cos- 
mology. 

Gravitational formulations of Mach’s Principle*® 
assume that the dynamical properties of a body are 
due to the gravitational interaction of the body with 
the matter composing the rest of the universe. The 
resulting gravitational potential of the body becomes 
a function of its velocity, so that the existence of 
kinetic energy and other dynamical characteristics 
are readily explained. Discussions of the advantages 
of such treatments have been published by Sciama*, 
Bastin® and Burniston Brown* and are too long 
to be given here in detail. It is noted, however, that, 
as well as accounting for the dynamical properties of 
bodies, the treatments give quantitative explanations 
of the existence of rest mass energy, the equivalence 
of gravitational and inertial mass, and the non- 
rotation of the ‘fixed-star’ directions with respect to 
inertial frames. 

The properties of a universe of variable radius R 
but of constant mass M will now be examined. The 
gravitational form of Mach’s Principle will be 
assumed, but, apart from this, physical mechanisms 
will be assumed independent of R. Thus the funda- 
mental quantities (e, h, c and G) will be assumed to 
remain unaltered by a variation in R. In order for 
the variation of R to have a meaning, we must further 
suppose the existence of an invariant scale measuring 
distance and an invariant clock measuring time. 

If R, is the present value of R, then expressions 
for the kinetic energy Z and momentum p of a particle 
in @ universe of radius R (see, for example, Bastin, 
ref. 5, sections 3 and 4) are: 


a (1) 
8 
and 
p=! mw (2) 
8 


where s = R/R, and will be called the dilation 
parameter. Equations (1) and (2) may also be 
inferred from the treatment given by Sciama‘ in 
which (section 4 (iii)) it is shown that the contribution 
of distant matter to the inertia of a body falls off 
inversely as the distance of the distant matter. 
Some implications of equations (1) and (2) are at 
once clear. For highly condensed cosmological 
conditions (low s), the energy and momentum of a 
particle (of given mass and velocity) are high. For 
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low-density conditions (high s), the values of energy 
and momentum are correspondingly less. This is 
in fact what would be expected qualitatively if the 
energy and momentum of a particle are considered 
to be the result of gravitational interaction of the 
particle with the rest of the universe. 

Consider now a hydrogen atom in a universe of 
dilation parameter s (that is, radius R = sR,). Using 
the normal Bohr treatment: : 


So a5 ee (3) 


where r is the radius of the electron orbit. Quantiza- 
tion of action gives : 
l warn (4) 
8 2r 
So that from (3) and (4) : 
Sia sn*h? (5) 
4n*me?* 


The corresponding expression for the energy change 
during an atomic transition becomes, from equations 
(2)-(5) : 


E=hy= es “ =) Z (6) 
n®*, n*,/ @ 

Equation (5) shows that the radius of the hydrogen 
atom bears a constant ratio to the radius of the 
universe R. The same would be expected for more 
complex atomic systems, so that any measuring rod 
would also vary in length in the same way. Since 
the invariant scale which was postulated is experim- 
entally unrealizable, an observer will only be able 
to measure the ratio R/r which will be constant for 
all time. Thus whatever the radius R measured by 
the hypothetical (but unrealizable) invariant scale, 
the observer will always measure Ry. It is thus 
impossible at any time in the past or future to 
measure any value for the radius of the universe 
other than the present one of ~ 3 x 10*? em. 

The analysis also shows that no indication of 
variation of R may be obtained from time-dependent 
measurements. Thus from equation (6) the period of 
atomic clocks is proportional to the dilation param- 
eter s (and a similar result may be simply shown 
for a macroscopic mechanical clock). The linear 
dimensions of an atom, a measuring rod or the 
universe will also be proportional to s, so that the 
time measured by the observer’s clock for light to 
traverse any of these objects will be independent of s 
and hence independent of the radius R. 

When certain types of experiment are considered, 
the application of orthodox physics does not give the 
indistinguishability suggested by McCrea. Suppose, 
for example, a measurement of Hubble’s constant is 
made at some particular time. Suppose further that 
this result is stored for a time which is an appreciable 
fraction of the parametric cosmical time (~ 10°— 101° 
years) when a second measure of the Hubble ‘con- 
stant’ is made. According to orthodox physics, we 


should expect the two values of the ‘constant’ to be 
the same if a steady-state model is correct, whereas a 
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definite difference of the ‘constant’ would imply an 

evolutionary type cosmology. The experiment could 

thus distinguish between the two types of model. 

If, however, the idea of gravitational inertia is 

accepted, then the two values of the Hubble constant 

are necessarily the same, as has been shown above. 
J. A. Bastin 

Department of Physics, 
Queen Mary College, 
Mile End Road, 
London. 

‘McCrea, W. H., Nature, 186, 1035 (1960). 

* McCrea, W. H., Nature, 187, 583 (1960). 

* Davidson, W., Nature, 187, 583 (1960). 

* Sciama, D. W., Mon. Not. Roy. Astro, Soc., 118, 34 (1953). 

* Bastin, J. A., Proce. Camb. Phil. Soc., 56, 401 (1960). 

* Burniston Brown, H., Amer. J. Phys., 28, 475 (1960). 


ASTROPHYSICS 


Magnetic Field of Jupiter 

ReEcENT radio observations of Jupiter, in the 
frequency-range 14-27 Mc./s., have suggested the 
presence of an ionosphere and a magnetic field on the 
planet. If the magnetic field is regarded as being due 
to a dipole situated at the centre of the planet, with 
its axis along the axis of rotation, a value for the 
polar field intensity of 7 + 1 gauss can be found 
from the radio observations. 

Radiation appears to be emitted from one or more 
localized regions on Jupiter’. The radiation from 
these sources is emitted within a limiting angle, and 
this has been interpreted* as indicating the presence 
of an ionosphere in the upper atmosphere of Jupiter. 
Observations by Franklin and Burke*, Smith and 
Carr‘ and Gardner and Shain* have shown that a 
number of the noise bursts appear to be right-handed 
elliptically polarized when viewed along the direction 
of propagation. This polarization has been observed 
from both the northern and the southern hemispheres 
of the Earth. It is evidently not an effect of the 
terrestrial ionosphere, although further observations 
are necessary to establish this conclusively. Franklin 
and Burke* and Barrow‘ have explained the observed 
polarization as being due to internal reflexion, in the 
upper atmosphere of Jupiter, of one of the two 
components formed when the radiation passes through 
the Jovian ionosphere in the presence of a magnetic 
field: 

The propagation of electromagnetic radiation in 
an ionized gas in the presence of a magnetic field 
has been fully discussed in the magneto-ionic theory 
of Appleton’. Most reflexion takes place at points 
where the refractive index tends to zero. In the 
presence of a magnetic field H the conditions for 
zero refractive index (if possible, collision effects are 
neglected) may be written as: 





4nNe?* 

— = po* = (2xf,)* (1) 
t.* _ fe" ee Sef (2) 
fo? = fe* + Sefu (3) 


where N is the electron density, e and m are, respect- 
ively, the charge and the mass of an electron, f, and 
fz are, respectively, the critical frequencies for the 
ordinary and the extraordinary waves, and fy is the 
gyrofrequency (fy = He/2nmce). 


The condition (1) 
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is independent of the magnetic field and refers to the 
ordinary wave. Conditions (2) and (3) apply to the 
extraordinary wave and they depend on the 
magnitude of the magnetic field although they are 
independent of the direction. Two cases arise as 
fa <f or fu>f. 

Consider a source of radiation at some point on 
Jupiter. Both mixed and polarized bursts have been 
observed on a number of occasions at 22-2 Mc./s. 
and we may, therefore, conclude that 22 Mc./s. jg 
the approximate value of either f, or fz. 

If fy < 22 Mce./s. reflexion of the extraordinary 
wave must occur at the lowest level of electron 
density, specified by (2). Signals have been received 
down to 14 Mc./s. so we can say that fy < 14 Me./s. 
and f,; ~ 22 Mc./s. The maximum electron density 
is evidently not great enough to give rise to reflexion 
conditions (1) and (3) for 22 Mc./s. waves. Fourth 
condition reflexion of the extraordinary wave, if it 
occurs, will be a subsidiary effect as it would take 
place, for all inclinations of H to the direction of 
propagation, at electron densities between limits 
specified by (1) and (2). 

A little consideration will show that it is not 
possible to explain the observed polarization at all if 
Sa > 22 Mce./s. 

It seems probable, then, that when we observe an 
elliptically polarized burst on the Earth it is essen- 
tially the ordinary wave which is being received. If 
this radiation is observed to be emitted within a 
limiting angle 4, from a point having latitude ¢ on 
Jupiter, then it can be shown’ that : 


A _ fo 


cos "7 wO9 (4) 


Franklin and Burke* give } = 60°, for their 22 Me.'s. 
observations of the principal region emitting the 
radiation, whence 9 > 43° if fy < 14 Mc./s. 

To find the value of the polar magnetic field Hy. we 
note that : 


2H 


Hp = 71+ San 9) ©) 


Combining (2), (4) and (5), we find that: 


_ fz [1 — (cos 4/2 . cos ¢)*) 
a eins V (1 + 3 sin? 9) — 


taking fy = 2-8H if fq is in Me./s. 

Hp varies relatively slowly with the lower values 
of f, and it can be seen that for 0 < f, < 14 we have, 
using fr = 22 Mc./s. and A = 60°: 


6-0 < Hp, < 7:85 and 90 > 9g > 43 


An average value of Hy, = 7 + 1 gauss is indicated. 
This implies a critical frequency of about 10 Mec./s. 
for the ordinary wave and an approximate source 
latitude of 57°. 

The above value of Hy is somewhat lower than 
that which follows from the estimate, given by 
Smith and Carr‘, of about 7 gauss for the magnetic 
field intensity in the ionosphere at the point of 
propagation. This figure is obtained from their 
average, experimentally observed. polarization ratio, 
assuming f, to be 17 Mc./s. and the source latitude 
to be 20°. The field intensity is then calculated from 
the Appleton—Hartree polarization formula. The 
corresponding value of H, is about 12 gauss. 

On the face of the experimental evidence. any 
method of calculation is going to lead to the general 
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conclusion that fg is something between 13 and 
22 Mc./s. However, the method outlined here avoids 
any specific assumption as to the latitude of the 
source and might well form the basis of a more 
accurate determination of Hy in the future. 

Field* has proposed a cyclotron-like model of the 
radiation sources on Jupiter on the basis of decimetre 
wave-length emission. This model requires a polar 
field intensity of at least 1,200 gauss, and it is diffi- 
elt to reconcile these two contrasting orders of 
magnitude for the polar field. 

The radio observations of Gardner and Shain’ and 
of Franklin and Burke* have cast some doubt on the 
hypothesis that the restricted angle of radio emission 
from Jupiter is due to ionospheric effects on the 
planet. However, in considering these results, it must 
be remembered that, as the method of interpretation 
is statistical, the fact that 27 Mc./s. radiation has 
been received so infrequently, compared to radiation 
in the 18-22 Mc./s. range, is liable to give misleading 
conclusions if the limiting angle is taken from a histo- 
gram compiled in terms of ‘number of occurrences’. 
There is the further possibility that the spectral 
distribution is such that 27 Mc./s. signals only rarely 
reach an intensity which is detectable on the Earth. 
This could be the case if the radio emission is due to 
plasma oscillations. Zheleznyakov® has shown that 


No. 4754 







| the main features of the radiation can be explained 
j in terms of a plasma oscillation mechanism, and 


Rishbeth’® has shown that sufficient ionization for 
such a mechanism could be produced by solar radia- 
tion. Certainly the ionospheric hypothesis cannot be 
rejected on the experimental data available at 
present. 

Future observations of polarization at two or three 
different frequencies may support or disprove the 
ionospheric theory. It is hoped to make these observa- 
tions at this University in 1961. 


C. H. Barrow 


Department of Physics, 
Florida State University, 
Tallahassee, 
Florida. 


‘Carr, T. D., Smith, A. G., Pepple, R., and Barrow, C. H., Astrophys. 
J., 127, 274 (1958). 

* Barrow, C. H., Carr, T. D., and Smith, A. G., Nature, 180, 381 
(1957). 

Franklin, K. L., and Burke, B. F., J. Geophys. Res., 68, 807 (1958), 
‘Smith, A. G., and Carr, T. D., Astrophys. J., 180, 641 (1959). 
‘Gardner, F. F., and Shain, C. A., Austral. J. Phys., 11, 55 (1958). 
* Barrow, C. H., J. Brit. Astro. Assoc., 69, 211 (1959). 








"Appleton, E. V., J. Inst. Elect. Eng., 71. 642 (1932). 
* Field, G. B., J. Geophys. Res., 65, 1661 (1960). 
*Zheleznyakov, V. V., Astron. Zh., 35, 230 (1958). 

“ Rishbeth, H., Austral. J. Phys., 12, 466 (1959). 


PHYSICS 


Direct Measurements of Proton 
Mobilities in Protonated Ice 


PROTON mobilities in ice have been calculated 
previously only on the basis of indirect experimental 
evidenes. Eigen and DeMayer'* have estimated from 
discharge experiments that in ice of pure water pro- 
ton mobility is in the range 0-1—0-5 cm.* sec.-! V.-!. 
Conway and Bockris* calculated from conductivities 
of ice of pure water that proton mobility is 0-19 em.? 
sec. V.-1. Some theoretical estimations‘ yield pro- 
ton mobilities in ice of 0-11 cm.* sec.-! V.-!. These 
mobilities are all extremely high when compared with 
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(NaOH) (HCl) ’ Il 
B B 
Fig. 1. A sketch for proton boundary movement (hydroxy! ion 


boundary movement is not considered here). Dye (D) used, mal- 

achite green; D, yellow (frozen) for 0:1 M hydrochloric acid ; 

D*, blue after proton depletion; AB, initial boundary; A'S’, 

migrating proton yn E AB — A'B' region is blue; I, 

boundary positions initially; II, boundary positions after 
electrolysis 


the mobilities of protons in liquid water (3 x 10-8 
em.-? sec.-? V.-}). 

Protonated ice is a relatively good electrical con- 
ductor (Heinmets, F., unpublished results) which 
suggests that direct measurements of proton move- 
ment by the boundary method could be made. Pre- 
requisities for such measurements are the establish- 
ment of a sharp moving proton boundary in ice and 
a@ proton concentration indicator-molecule to follow 
the boundary movement. After extensive exploratory 
work, the conditions for obtaining a suitable boundary 
have been established and an indicator-dye (malachite 
green) has been found which exhibits colour change 
in ice at a suitable proton concentration. I have made 
such direct measurements of proton mobilities in 
protonated ice. 

Ice was obtained by freezing supercooled 0-1 M 
hydrochloric acid solutions. A U-type conductivity 
cell (length 30 cm.) was used in which one vertical 
section was plastic (diameter 1-2 cm. and wall- 
thickness 0-03 cm.). This facilitated sawing up the 
tube for sectional analysis. A stable proton boundary, 
suitable for mobility measurements, is obtained when 
a boundary is established between hydroxylated and 
protonated ice (Fig. 1). Half the plastic cell was 
first filled with 0-1M hydrochloric acid solution 
(containing indicator dye) and was frozen. After- 
wards a layer of 0-1 _M sodium hydroxide solution, 
containing also a dye for better boundary indication, 
was poured on top of the ice and frozen. Some 
experiments were carried out in the presence of 
gelatin, since a visually sharper boundary is main- 
tained during the electrolysis. The procedure here 
was as follows. Half the plastic sectior. was first 
filled with 0-1 M hydrochloric acid solution, contain- 
ing a proton indicator and 2 per cent gelatin, which 
gelled and was afterwards frozen. A layer of 0-1 _M 
sodium hydroxide solution containing 2 per cent 
gelatin and metacresol purple was poured on top of 
this and frozen. This in turn was topped with a 
non-freezing electrolyte containing a 1M sodium 
hydroxide solution in 50 per cent glycerol. For the 
other U-arm a 1 M hydrochloric acid solution, also 
with glycerol, was used. A d.c. potential was applied 
by means of platinum electrodes. To avoid warming 
the ice, current values were kept low. The initial 
boundary of yellow 0-1 M hydroehloric acid and 
purple sodium hydroxide was clear. Shortly after 
the application of a potential a blue boundary 
appeared between the purple-yellow interphase, and 
the blue zone gradually widened. The positions of 
the boundaries were determined at various time- 
intervals by switching the current off while the cell 
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was lifted from the bath and the boundary position 
measured rapidly. During electrolysis at constant 
voltage, the current value diminished because the 
blue-zone represents a proton-depleted ice region and 
its resistance increases with time. In my experiment 
the current was kept constant by increasing the 
potential. However, the increase of resistance is not 
too rapid, since all protons do not migrate out of the 
region immediately. Apparently all hydrochloric 
acid molecules are not dissociated in ice and protons 
migrate only after dissociation. In gel-ice it takes 
several hours before the resistance in the proton- 
depleted zone gets very high; during that time the 
boundary has moved several cm. After completion 
of boundary measurements, the cell was put into 
powdered dry ice. Using a duplicate cell, the electric 
field strength in the hydrochloric acid region was 
determined for selected current value. Then various 
sections of plastic cell were sawn off, melted and 
conductivity and pH determined. A thin section 
between sodium hydroxide-hydrochloric acid inter- 
phase was discarded. In Table 1 the result of a 
typical experiment is presented. Zone A-1 represents 
the proton-depleted region. During 180 min. at 
1 m.amp. the displacement of the boundary was 
1-1 cm. In the blue A-1 zone the pH value was 1-1 
before and 3-3 after electrolysis. This was reflected 
also in resistance increasing from 4,000 ohms to 


Table 1. RESISTANCE, pH AND COLOUR OF VARIOUS SECTIONS BEFORE 
AND AFTER ELECTROLYSIS 
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Length | Resistance | 
o | (ohms) t | pu Colour of ice 
ae —————— i— | 
(em). | Before After OH- | Before | After | Before After 
—_ NaOH _— _ P P 
| | HCl wis 
1:1 4,000 | 26,100 | *J H+] 11 | 33 Y B 
15 | 4000] 3850|* | i1 |ia| ¥ | ¥ 
| 15 | 4000} 3,750/* 1x| 11 | 14 | ¥ | ¥ 
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Current of 1 m.amp. applied for 180 min. Temperature was kept 
at —15°. Electric field strength, 0-5 V./em. A, 0-1 M hydrochloric 
acid, 2 per cent gelatin and malachite green; 3B, 0-1 M sodium 
hydroxide, 2 per cent gelatin and metacresol purple. P, Purple ; 
Y, yellow; B, blue. 


Table 2. VELOCITY OF Protons AS A FUNCTION OF TEMPERATURE 











f ‘Spence — 
| Velocity 
Experiment | Temperature (cm.*) 
No Composition of ice (C.) ne 
ae ee ee | Pie |__8ee.—volt. 
1 0-1 M HCl+H,0 30 | 20x 10-5 | 
} 2 | 0-1 M HC1l+H,0 25 8-1 x 10-* 
3 | 0-1 M HC1+H,0 + | 
| 2 percent gelatin | 22 2-4 x 10-* 
4 0-1 M HCI+H,0 + 
| | 2 per cent gelatin —15 2-2 x 10-¢ | 





In these experiments potential applied at the electrodes varied in 
the range 200-800 V. The velocity of proton was calculated as 
follows : 

1:1 


v- = = ; in example at —15° V- = ———_______. 
ext 0-5 x 180 x 60 


2-2 x 10~* cm.* sec.-* V.-* 
where d, boundary displacement (cm.); ¢, electric field strength 
(V./em.); ¢, time (sen.). 


Temperatures reported here are those of bath; ice temperatures 
are slightly higher due to the passage of current. Electric field intensity 
for each experiment was determined by d.c. conductivity measure- 
ments in a duplicate cell. Same current values were used for con- 
ductivity measurements and for electrolysis. 





26,100 ohms. Both measurements reveal a large 
reduction of proton concentration in A-1 zone, Jy 
two control sections (A-2, A-3) at the front of the 
boundary there was no significant change in either 
the pH or the resistance value, nor was there 
change in colour. Additional control experiments 
with hydrochloric acid solutions and malachite green 
revealed that the change in colour corresponds to 
the reduction of the proton concentration. This 
proton-depleted zone is shown in Fig. 2, which ig q 
black-and-white copy of a colour photograph. Ajj 
available evidence indicates that the blue zone in jee 
represents a proton-depleted region, and proton 
mobility is calculated from the length of the zone, 
Results are presented in Table 2. Since the con. 
ductivity of protonated ice decreases when tem. 
perature is lowered, it is expected that proton mobility 
is also reduced. The results in Table 2 confirm this 
phenomenon. 





Fig. 2. Proton boundary in ice. PR, Purple zone, 0-1 M sodium 
hydroxide plus metacresol purple; GR, blue zone, part of ‘y’ 
zone whence protons have been removed by electrolysis; 
depletion of protons changes colour of ice from yellow to blue; 
Y, light yellow zone, 0-1 M hydrochloric acid plus malachite 
green (ice is yellow); A—B, initial proton boundary position; 
A'B?', final boundary position 
This black-and-white print has been prepared from a colour slide 


It can be questioned how much diffusion contributes 
to movement of the proton boundary in the ice. A 
rough estimate of this has been made on the basis 
of measurements with a control cell which was stored 
at —28°C. for six months. Approximate velocity of 
diffusion boundary was 1 x 10-7 cm./sec. It appears 
that diffusion displacement of proton boundary is 
insignificant in experiments lasting only for a few 
hours. 

It is evident that proton mobility in protonated 
ice is about three orders of a magnitude smaller than 
previously estimated'*. This raises the question 
whether previous indirect estimations and calcula- 
tions are based on uncertain assumptions or whether, 
in the ice of pure water, a different mechanism is 
operating for the proton transfer process. Further 
work is required to elucidate this point. Unfortu- 
nately, moving-boundary methods cannot be used 
at very low proton concentrations. My experiments 
were carried out under conditions where current and 
temperature were regulated manually, and experi- 
mental error may be considerable, but the accuracy is 
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definitely better than an order of magnitude. Experi- 
ments are in preparation with automatic current 
and temperature control in order to obtain more 
accurate proton mobility determinations. 
F. HeErmMeEts 

Pioneering Research Division, 

Quartermaster Research and Engineering Center, 
Natick, Massachusetts. 

‘Rigen, M., and DeMayer, L., Proc. Roy. Soc., A, 247, 505 (1958). 
‘Eigen, M., and DeMayer, L., %. Electrochem., 60, 1037 (1956). 
sConway, B. E., and Bockris, J. O’M., J. Chem. Phys., 28, 354 (1958). 
‘Conway, B. E.,.{Canad.QJ.4Chem., 37, 178 (1959). 


No. 4754 





Electrostatic Attraction between a 
Liquid Surface and a Needle Height- 
Gauge 

WuEnr:E the height of a liquid surface needs to be 
measured accurately, it is customary to use a needle 
height-gauge. In a typical gauge a needle point is 
slowly lowered by a micrometer screw until the point 
just touches the liquid surface. The instant of contact 
is detected either visually or electrically, and the 
micrometer reading at that instant gives the height of 
the liquid surface. Such gauges are regarded as 
accurate to within +0-001 in. It has been found, 
however, that with a non-conducting liquid that has 
become electrically charged, errors of 0-025 in. can 
easily occur. 

A laboratory needle gauge was being lowered 
towards a surface of mineral oil in a ‘Perspex’ vessel, 
when it was observed that, when the needle was held 
at a height of about 0-05 in. above the oil surface, a 
rhythmic disturbance of the surface occurred imme- 
diately below the needle. The frequency of this 
disturbance was usually of the order of 1 c./sec. 

Subsequent investigation revealed that the 
‘Perspex’ vessel had become electrostatically charged 
when it was being cleaned immediately before being 
filled with oil, and that this was the cause of the 
disturbance. When an earth wire was brought into 
contact with the oil at the site of the disturbance, the 
disturbance ceased at once, only to start again (but 
with diminished vigour) when the wire was withdrawn. 

When the oil was replaced by de-ionized water, 
which has a much lower resistivity than the oil, the 
phenomenon did not occur. After the oil had been 
allowed to stand exposed to the atmosphere for a 
few days, only very slight disturbances could be 
produced. This was due to the absorption of atmos- 
pheric moisture by the oil and the consequent decrease 
in resistivity; the oil was afterwards dried by 
prolonged agitation in a vacuum desiccator, and 
immediately it became possible to produce the 
disturbances again on the same scale as when the oil 
had been fresh. 

Evidently the cycle of events is as follows: (1) 
When the oil is put into the charged container the 
charge slowly spreads across the surface of the oil. 
(2) When the needle is brought close to the oil, the 
charged oil immediately below is attracted towards it, 
thus producing a hump in the surface, in which the 
combined effects of gravity and surface tension are 
balanced by the electrostatic attraction. (3) The 

needle, being earthed, acts like a lightning conductor 
and the hump is rapidly discharged. (4) The hump 
collapses suddenly. (5) The electrostatic charge on the 
surrounding area spreads slowly over the discharged 
area, and the cycle begins again. 
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Once started, this cycle of attraction and collapse is 
likely to continue for hours before the charge is 
completely dissipated. 

When the needle is lowered closer to the surface of 
thf liquid, a point must obviously be reached when 
the hump in the surface comes into contact with the 
needle. Contact once having been made, it is main- 
tained permanently by surface tension. In the 
experiments described above, contact usually occurred 
when the needle was between 0-020 and 0-025 in. 
above the level of the surface. 

There is thus a serious risk of erroneous readings 
when a needle gauge of the normal design is used to 
measure the level of a non-conducting liquid. This 
risk may be eliminated very easily by adding an 
earthing wire to the needle, as shown in Fig. 1. 

This communication is published by permission of 
the Director of the National Engineering Laboratory, 
Department of Scientific and Industrial Research. 


A. T. J. Haywarp 


Nicianeaill 


Fig. 1 


National Engineering Laboratory, 
East Kilbride, 
Glasgow. 


Finely Ground Quartz: Evidence against 
a ‘Disturbed’ Layer 

Briscok et al.! discovered that the rate of solution 
of a finely ground quartz powder decreases slowly 
from an initially high value to a much smaller steady 
value. Kitto and Patterson? concluded that the effect 
could not be accounted for on the basis of particle 
size alone and attributed it to edge effects and the 
presence of a ‘Beilby layer’, presumably of 
amorphous silica. Further evidence of an amorphous 
layer has been reported by various authors using 
X-ray diffraction**, electron diffraction’, differential 
thermal analysis*.’, rate of solution®.’, and density*® 
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measurements. Some, not wishing to commit them- 
selves as to its exact nature, have called it a ‘dis- 
turbed’ layer. Estimates by a variety of methods**-* 
put the thickness of the layer at between 300 A. and 
1,500 A. 

Doubt was cast on the existence of an amorphous 
or non-quartz layer by the electron diffraction 
observations of Finch, Lewis and Webb’ and of 
Heavens"', and by the discovery that a similar decline 
in the rate of solution occurs in the case of vitreous 
silica’. 

Taking into account all the experimental results, 
King and Nagelschmidt'? adopted a model of the 
quartz particle composed of a central core considered 
to be highly crystalline quartz, surrounded by a 
transitional layer about 300-600-A. thick in which 
the highly crystalline structure of the core is supposed 
to change gradually to an effectively amorphous 
state near the surface. The surface itself is supposed 
to consist of a monolayer of silicic acid. 

We were led to doubt the validity of this model 
by the ease with which electron diffraction patterns 
are obtained from finely ground quartz. The following 
observations were made as a test of the model. 

(1) The electron diffraction patterns of numerous 
untreated ground quartz particles of diameter l—5u 
were compared with those of similar particles after 
leaching in 20 per cent hydrofluoric acid for 5 min. 
Collodion films, on which the electron beam was 
incident normally, were used to support the particles. 
The diffraction patterns of the untreated particles 
differed from those of the treated quartz in having a 
higher background, more intense haloes, and in many 
cases weak spotty rings. In other respects they were 
similar. The strong individual spectra were commdfly 
observed to show marked asterism (Fig. 1 (inset)). 
Examination of a large number of patterns revealed 
no tendency for the asterism to be more pronounced 
normal to the radii joining the spectra to the zero 
ordur spectrum than in other directions. It was 
concluded that the effect was due to refraction of the 
electrons on entering and leaving the particles, and 
not to lattice strains or other crystal imperfections 
which would have caused arcing of the spectra normal 
to the radii. 





uartz particle formed by one 


Fig. 1. Dark-field image of a 
liffracilo e asterism of the diffraction 


m maximum (inset). 


maximum is due to refraction of the electrons 
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Fig. 2. Dark-field image of a particle treated with hydrofluoric acid, 
after shadowing with silica 


(2) Dark-field images of the diffracting particles 
were formed in an electron microscope by using an 
eccentric objective lens aperture so as to accept only 
one diffraction maximum. The images show that the 
diffraction patterns are produced by transmission 
through thin edges of the particles (Fig. 1). Images 
of the untreated and of the treated quartz were 
found to be equally distinct. Shadowing the un- 
treated quartz with silica at 45°, producing a layer 
of silica about 150 A. thick in a direction normal to the 
plane of the supporting film, resulted in marked 
diminution of the clarity of the images, these becom- 
ing blurred in one direction (Fig. 2). This is believed 
to be due to inelastic scattering of the diffracted 
electrons in the silica layer. The effect was observed 
in nearly all cases where the particles had been 
coated with silica, but in no case was it observed with 
untreated quartz particles. 

(3) Kikuchi N and LZ patterns from thin layers of 
quartz near the surface of the particles were observed. 
This was achieved by making carbon surface replicas 
of the particles using an etching time of 10 min. which 
resulted in some of the particles being incompletely 
removed from the replicas. Many remnants thin 
enough for the observation of N or Z patterns were 
found. No differences of any significance were found 
between the patterns of the untreated quartz and 
those of the treated quartz. Twenty patterns of each 
were observed, and in no case were any rings or any 
arcing of the spectra observed. 

In the light of the above observations the King- 
Nagelschmidt transitional layer or a 300-A. layer of 
purely amorphous silica seems unlikely. A gradual 
transition from a crystalline core to an amorphous 
surface layer would presumably imply a reduction in 
the sizes of the crystallites and an increase in the 
disorder of their orientation with increasing distance 
from the core. A layer of this type would be expected 
to cause the following : 

(a) pronounced arcing of the spectra, or rings of 
varying intensity along their length ; 

(6) an increase in the intensity of the background 
and of the haloes ; and 

(c) a marked diminution of the clarity of the dark- 
field images of the diffracting edges. 
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Effects (a) and (c) have not been observed. Rings 
have been observed in the diffraction patterns 
described in (1), but the intensity is roughly uniform 
along their length and not greater in the vicinity of 
the strong spectra, which would be the case if the 
above model were correct. We consider it more likely 
that the rings are produced by the numerous small 

icles which have been observed to cling to the 
surfaces of the larger particles'*. Effect (6) has been 
noted in the observations (1) but could equally well 
be due to the numerous adhering particles which 
are thin enough to transmit electrons but are not 
orientated for Bragg reflexion. 

We are of the opinion that the numerous small 
particles which are always found adhering to the 
larger particles of ground quartz, and which are 
extremely difficult to disperse, offer a plausible 
explanation of all the effects usually ascribed to an 
amorphous or ‘disturbed’ layer. This will be dis- 
cussed in a more detailed account of this work to be 
published elsewhere. 

We wish to thank Mr. P. H. Kitto for many 
valuable discussions and the Transvaal and Orange 
Free State Chamber of Mines for permission to 
publish this communication. 








No. 4754 





J. H. Tatsor 
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Electrical Resistivity of Nickel Ferrite 


Up to the present the only systematic investigation 
published on the semiconducting behaviour of ferrites 
is a study of cobalt ferrite, CoFe,0,, by Jonker’. In 
the case of other ferrites insufficient information of 
the basic structure of the material has impeded an 
understanding of the electrical properties. In the 
case of nickel ferrite it is known that these proper- 
ties are closely related to a small deficiency, 3, 
of oxygen (a few tenths of 1 per cent) which occurs 
when the ferrite is formed in the sintering process. 
This may be represented by NiO + Fe,0, 
Ni**Fe,34Fe,,04.4 + 48(O,). The creation of iron 
ions with two valencies in the crystal lattice is known 
to lead to a marked lowering of activation energy of 
conduction electrons*, and the resistivity of nickel 
ferrites therefore depends on the temperature and 
atmosphere of the sintering process and on the rate of 
subsequent cooling. To produce high-resistivity 
nickel ferrite it has been found desirable to sinter at 
relatively low temperatures (below 1,300° C.) in an 





NATURE 


“| . 














01F 
l l l — 
0 1 2 3 
logio p (cm. of mercury) 
Fig. 1. 


Activation ner against log,» oxygen pressure for 
stoichiometric nickel ferrite. @, 1,100°C.; x, 1,150°C.; 
O, 1,200° C. firing temperature 


oxygen atmosphere** ; but it is very doubtful if a 
nickel ferrite with electrical properties representative 
of the stoichiometric material has so far been 
produced. . 

In order to investigate the influence of oxygen 
pressure during sintering on the electrical properties, 
a closed system was constructed which allowed 
specimens to be sintered in a quartz tube under various 
oxygen pressures. It was found that a pressure of up 
to about 6 atmospheres could be maintained at 
temperatures of 1,250° C. 

A stoichiometric mixture of spectroscopically pure 
nickel monoxide and ferric sesquioxide was ball-milled 
for 24 hr., pre-fired at 800° C., milled again and then 
pressed into specimens which were fired under various 
oxygen pressures at 1,100° C., 1,150° C. and 1,200° 
C., respectively. Specimens were then slowly cooled 
(2 deg. C./min.). Firing times in each case were suffici- 
ently long for the reaction to have been completed. 
This was judged from measurements of both magnetic 
moment and from the fact that a further period of 
firing did not alter the electrical resistivity. After 
surface grinding, resistivity measurements were made 
at d.c. and at frequencies of up to several Mc./s. and 
no significant dispersion was observed. The tempera- 
ture dependence of resistivity could be expressed by 
the usual semiconductor equation? 9 = A exp e/KT'. 
A was found to be in the range of 0-1—1 ohm cm. in 
each case and values of ¢« are plotted in Fig. 1 
against the logarithm of oxygen pressure. Measure- 
ments of thermo-electric power showed that all 
specimens had negative Seebeck coefficients of about 2 
to 3 x 10-* V./deg. C. indicating n-type conductivity. 

Specimens were also prepared from a mixture con- 
taining a nickel oxide excess which may be repre- 
sented by NiO + (Fe,0;)o..;. The corresponding 
relationships of activation energy and sintering 
pressure are shown in Fig. 2. Thermo-electric 


measurements showed that in every case the con- 
ductivity is n-type on the low-pressure side of the 
peaks (Fig. 2) and p-type on the high-pressure side. 
Measurements of saturation moment were carried out 
with an accuracy of 1 per cent and showed that no 
detectable amount of nickel excess had entered the 
ferrite crystal lattice, this being in complete agreement 
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Fig. 2. Similar to Fig. 1 for nickel excess ferrite + 1,250° C. 


firing temperature 


with the results of Derry et al.*. The magnetic meas- 
urements do not, of course, preclude a concentration 
of excess nickel ions in the ferrite lattice of less than 
1 per cent, and indeed the most plausible interpreta- 
tion of the results is that a small concentration of the 
excess nickel oxide has indeed been dissolved in the 
ferrite lattice giving rise to Ni*++ ions. Under high 
sintering pressure the ferrite loses an insufficient 
amount of oxygen to reduce all the excess nickel 
ions to a valency of two; the dominant conduction 
mechanism is now by nickel positive holes'. At 
sufficiently low sintering pressures more oxygen is 
lost than that needed to remove all trivalent nickel 
ions and some of the electrons released by the 
oxygen create divalent iron ions; specimens of this 
type are therefore n-type conductors. The peak in 
activation energy corresponds to a change of p- to 
n-type conduction and represents the condition where 
the number of oxygen atoms lost during sintering 
is equal to half the number of excess nickel atoms 
dissolved in the ferrite. As in the case of Jonker’s 
results for cobalt ferrites, it is likely that the theoreti- 
cal peak value in activation energy is somewhat 
greater than that shown in Fig. 2 on account of 
imperfect compensation and submicroscopic inhomo- 
geneities in the specimens. 

The results presented here lead to the following 
conclusions. In the process of nickel ferrite formation 
some loss of oxygen occurs even at 1,100° C., which is 
only slightly inhibited by the application of pressures 
up to 6 atmospheres. By introducing excess nickel 
into the ferrite Jattice and by suitable adjustment 
of sintering pressure an approximately compensated 
nickel ferrite can be prepared in which the intrinsic 
activation process comes into effect. The systematic 
shift of the peak in activation energy to the higher- 
pressure region indicates that the loss of oxygen 
increases with sintering temperature. 
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We wish to express our gratitude to Prof. E. p 
Andrew and Dr. D. Wooller for their encouragemen; 
in this investigation. 
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VOLCANOLOGY 


Drilling into Molten. Lava in the 
Kilauea Iki Volcanic Crater, Hawaii 


THE November 1959 eruption at Kilauea Iki, 
Hawaii, produced a lava lake more than 300 ft. deep 
containing about 45 million cubic yards of lava. An 
experiment was conducted to obtain knowledge of 
the problems encountered when drilling through the 
crust of the lake into molten rock, and to obtain as 
much volcanological data as possible. 

On July 25, 1960, after drilling 19 ft., the crust of 
the lava lake was pierced, making possible tempera- 
ture measurements of the molten rock, collection of 
gas samples emanating from the melt, and direct 
sampling of molten lava. 

The experiment clearly demonstrated that it is 
possible to drill into hard rock at temperatures up 
to 850°C. with standard core-drilling equipment, 
using compressed air to cool the rock and to remove 
the cuttings. By using water to cool the rock and 
drilling with water periodically injected into the com- 
pressed air line, it is possible to drill with standard 










equipment into rock that has been at temperatures | 
exceeding 1,050° C. i 

The first 14 ft. of the hole was drilled to 3-5 in. 
in diameter and cased to seal off possible communica- 
tion with the surface. Vibration as a result of air 
drilling limited core recovery and diamond bits were 
badly damaged by heat and inadequate air circula- 
tion; otherwise, drilling proceeded rapidly. The 
remainder of the hole was left uncased and drilled 
to a 2-in. diameter. Drilling progressed more slowly 
due to the high temperatures encountered and also 
an increase in the rock density. At 15-5 ft. silver 
solder on the bits melted and core recovery was poor. 
Binding of threads on the drilling tools caused con- 
siderable difficulty ; however, powdered graphite as 
a lubricant cured this trouble. At 16-8 ft. water 
was used to cool the hole and was periodically injected 
into the compressed-air line for additional cooling 
during drilling. This worked very well, and the drilling 
increased from 1-5 ft. in 8 hr. to 3-5 ft. in 3-5 hr. 
Core recovery remained poor, but there was little 
damage to the drill bit. 

The crust-melt boundary was encountered at about 
19 ft., and the melt was quite fluid at 20 ft. The 
air-and-water-vapour drilling coolant quenched a 
protective crust between the bit and the melt and 
further drilling did not cut this crust, but pushed it 
into the melt. At 19-5 ft. the bit and tools dropped 





shoe. 
did 1 
lava 
hole. 
steel 
10 Pp 
the | 
in ti 

D 
pera 
plot 
mea 
eval 
obta 
a lit 


—_ = 


Depth (ft.) 


whe 
wat 
Oxi 
det 
on 

the 
fun 
floy 


sha 
in 
res 












L. 188 


f. E.R 
agement 


IRD* 
RKER 


eff eld 1, 
49 (extr, 
oe. IRE, 
}» R1/ 4190 


aii 

a Iki, 
t. deep 
ra. An 
dge of 
gh the 
fain as 


rust of 
npera- 
ion of 
direct 


it is 
"e3 up 
ment, 
move 
k and 
. com- 
ndard 


tures | 


‘5 in, 
inica- 
of air 
were 
‘cula- 
The | 
rilled 
lowly 
also 
silver | 
poor. 
con- 
fe as 
rater | 
ected | 
cling | 
lling | 


> hr. 
little 
bout | 
The | 























December 10, 1960 


sowly in the hole of their own weight. A core of 
melt was then taken by cutting off circulation, allow- 
ing the silver solder to soften and the teeth on the 
pit to close inward. Circulation was restored and 
about 2 in. of melt was trapped in the bit. Sulphur 
from the outgassing melt was also deposited on the bit. 

Gas samples were afterwards collected by John 
Naughton of the University of Hawaii, Wayne Ault 
of the U.S. Geological Survey, and me. It was also 
found that melt samples could be obtained by attach- 
ing a ‘shoe’, a tapered cylinder, to the drill rods 
and driving this into the melt by hand. The core 
melt thus obtained could then be tapped out of the 
shoe. At 20-4 ft. further removal of melt by sampling 
did not deepen the hole. In less than two days the 
lava had risen from 20-4 ft. to 18-7 ft. deep in the 
hole. The hole was then sealed with a capped stainless 
steel pipe. A platinum—platinum 90 per cent rhodium 
10 per cent thermocouple package v installed in 
the pipe to study the cooling history at three points 
in the lava lake crust. 

Difficulties were encountered in obtaining tem- 
perature data as the hole was drilled. Fig. 1 is a 
plot of the most reliable measurements. These 
measurements are preliminary and require further 
evaluation. The peak temperature of 1,064° C. was 
obtained with an optical pyrometer and is probably 
a little low due to some gas in the hole. 
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Fig. 1. Measured temperature as a function of depth of the hole. 

@, Chromel-alumel thermocouple; A, platinum—platinum 

90 per cent rhodium 10 per cent thermocouple ; (J, optical 

pyrometer ; A, platinum—platinum 90 = cent rhodium 10 per 
cent 18 days after completion of hole 


It is planned to run complete chemical and petro- 
graphic analyses on the core and melt samples. The 
gas samples will be analysed, oxygen-16 : oxygen-18 
ratios will be determined on the water and carbon 
dioxide gases, and the deuterium and tritium content 
of the water will be measured. These will be com- 
pared with local rain and ocean water to determine 
whether they are primary gases or not. The hydrogen— 
water ratio of the gases and the ferrous oxide : ferric 
oxide ratio of the melt and crust samples will also be 
determined. Thermal conductivity will be measured 
on the crust samples, making possible a calculation of 
thermal conductivity of the crust material as a 
function of temperature and a calculation of heat- 
flow through the crust. 

This work was conducted as part of the Plow- 
share Program supported by the U.S. Atomic 
Energy Commission. Details of the experiment, the 
results of the forthcoming analyses, and their implica- 
tions will be published elsewhere. 
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Thanks are due to Dr. G. C. Kennedy of the Uni- 
versity of California at Los Angeles, Dr. G. H. 
Higgins, and others at the Lawrence Radiation 
Laboratory for their interest in the investigation ; 
Dr. G. A. Macdonald of the University of Hawaii 
and W. P. Bennett from this Laboratory for their 
participation; members of the Hawaiian National 
Park Service and the U.S. Geological Survey Volceano- 
logical Observatory for their kind co-operation ; and 
the drilling contractor, Nat Whiton from Honolulu, 
Hawaii. 

D. E. Rawson 
Lawrence Radiation Laboratory, 
Chemistry Division, 
University of California, 
Livermore, California. 


GEOLOGY 


Occurrence of Hydromagnesite in 
Sediments in South Australia 


A PROMINENT feature of the South Eastern Province 
of South Australia is the system of lagoons associated 
with a long narrow arm of the sea, the Coorong, 
formed by a receding and partly resubmerged coast- 
line. In some of these lagoons, as well as in the 
shallow waters at the closed end of the Coorong, 
dolomite-calcite sediment is forming, apparently by 
direct precipitation from saline waters',?. 

Recently, C. von der Borch examined the sediment 
in a lagoon which lies within a few hundred yards of 
the eastern edge of the Coorong from which it is 
separated by a belt of low sand dunes. Macroscopically 
the sediment closely resembles other fine-grained 
carbonate sediments of the region but was found in 
its surface layers to consist essentially of aragonite 
and hydromagnesite in approximately equal amounts. 
The proportion of hydromagnesite decreases with 
depth and has not been detected below about 9 in., 
at which level the sediment is essentially aragonite. 
Calcite then appears, and the proportion of aragonite 
diminishes. to zero, after which dolomite makes its 
appearance. At a depth of 2 ft. the sediment consists 
essentially of calcite and dolomite. 

This mode of occurrence of hydromagnesite 
appears to be unusual, and is of particular interest 
in South Australia where the origin of sedimentary 
magnesite associated with dolomite of Proterozoic 
age has presented a problem. These rocks occur 
mainly in the Flinders Ranges and have recently 
been described by B. G. Forbes*. They show sun- 
eracks and ripple marks, and may have been formed 
by sedimentary processes similar to those in progress 
in the shallow lagoon in the South Eastern Province 
to-day. 

Work on the geochemistry and mineralogy of the 
hydromagnesite sediment is proceeding. 


A. R. ALDERMAN 
C. C. von pER Borcu 
School of Geology, 
The University, 
Adelaide, 
South Australia. 


a. A. R., and Skinner, H. C. W., Amer. J. Sci., 255, 561 
(1957). 


¢ Alderman, A. R., J. Geol. Soc. Aust., 6 (1), 1 (1958). 
* Forbes, B. G., Trans. Rey. Soc. S. Aust., $3, 1 (1960). 











OCEANOGRAPHY 


Occurrence of Calanoides carinatus (Kroyer) 
in the Plankton of the Gulf of Guinea 


THERE are fairly regular fluctuations in the 
temperature of the water of the Guinea Current off 
the coast of tropical West Africa between Cape 
Palmas and Lagos'*. Minimum temperatures are 
usually observed during the months of July—October. 
The fall in temperature is most pronounced in 
the coastal waters between Accra and Lome. Obser- 
vations carried out by Howat*, from June 1943 
until September 1944 at a station about 14 miles 
from the shore off Accra, showed that the variation 
in the temperature of the surface water exceeded 
10 deg. C., with minima of 19-0° C. during August 1943 
and 19-8° C. during August 1944. This colder water 
was rich in phosphate and its appearance was 
accompanied by a flowering of diatoms. 

During 1952, the R.V. Cape St. Mary made a 
series of exploratory fishing voyages in the coastal 
waters between Cape Verde and Fernando Po for 
the West African Fisheries Research Institute. 
During these surveys the opportunity was taken to 
obtain information on the quantity and composition 
of the zooplankton. Hydrographic and plankton 
sampling was carried out along a series of transects 
running from the coast to the edge of the shelf. At 
each station water samples for temperature and 
salinity determinations were taken at standard 
depths, and plankton samples were collected with 
18-in. diameter plankton nets (20 meshes per cm.) 
hauled vertically from the bottom to the surface. 

The stations worked included seventeen between 
Fernando Po and Lagos, during July, and twenty-five 
between Lagos and Cape Three Points in August. 
The distribution of surface temperature during the 
survey is illustrated in Fig. la. There was a decrease 
in temperature from east to west with a maximum 
of 27-8° C. between Fernando Po and the mainland 
and a minimum of 22-1° C. close to the coast off 
Cape Three Points. Greatest quantities of zooplank- 
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Table 1. MEAN NUMBERS OF THE MORE COMMON SPECIES OF Copy. 
PODA IN THE SAMPLES FROM VERTICAL HAULS TAKEN FROM 100 y 
TO THE SURFACE F 
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Cape Three River Lagos to 
Points to Volta Fernando 
River Volta | to Lagos Po | 

Calanoides carnatus (Kréyer) 3,879 11 oa 
Nannocalanus minor (Claus) 13 10 7 
Undinula ris (Dana) 3 3 16 
Eucalanus pileatus Giesbr. 137 303 12 
Eucalanus monachus Giesbr. 196 413 + 
Paracalanus aculeatus Giesbr. 97 74 24 | 
Paracalanus parvus (Claus) 1,416 288 57 
Clausocalanus arcuicornis 

(Dana) 174 53 + 
Clausocalanus furcatus 

(Brady) 41 442 23 | 
Euchaeta marina (Prestand.) 3 15 19 
Centropages chierchiae Giesbr. 239 379 7 | 
Centropages furcatus (Dana) 41 442 23) CO 
Temora stylifera (Dana) 1,027 591 42 | 
Temora turbinata (Dana) 1,968 1,965 + 
Lucicutia flaricornis (Claus) 22 8 10 
Oncaea venusta Phillipi 784 935 36 
Corycaeus afric@pus F. Dahl —_ 74 16 | 
Corycaeus giesbrechti F. Dahl 300 735 62 | 
Total Copepoda 10,709 7,191 575 | 
Total zooplankton 11,602 8,973 769 

+, Present. 


ton were found along the edge of the shelf in the 
region where the surface temperature was less than 
25° C. These higher zooplankton displacement 
volumes were mainly due to large numbers of the 
large copepod, Calanoides carinatus (Kréyer), the 
distribution of which is shown in Fig. 1b. The 
majority of individuals were stage V copepodites ; 
but a few adults were also observed at most stations. 
In contrast to the usual colourless appearance of 
preserved copepods from tropical regions, these 
specimens of C. carinatus contained orange globules 
of oil. 

Table 1 illustrates the relative abundance of the 
more common copepod species in hauls taken from 
100 m. to the surface along three sections of the shelf. 
C. carinatus was the dominant copepod between 
Cape Three Points and the Volta, but was not 
recorded between Lagos and Fernando Po where the 
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Displacement volumes 


MW 5-10 mi 
Fey 2-5 mi 
[ <2 mi 


Niger Delta 





















2 1001 — 5000 ‘ ~ & 
@ 10!-1000 ~*~ ° ° 
@ 11-100 S == 100tms. ~~=P "~~, 2 0 
’ ~~. 
(b) < ) 1-10 ep 
lo” re} nil |s* 
Fig. 1. a, Stations, surface temperature and zooplankton disp'acement volumes; 0, distribution of Calanoides carinatus 
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woplankton was sparse and no 
species clearly dominant. 
‘In the Atlantic, C. carinatus is 


o 


widely distributed between 47° N. 200 
and 37° S., although it is by no 3 
means &@ common species*. It was © 400 
not recorded by Scott‘ in his 3 
monograph on the Entromostraca { 60 


of the Gulf of Guinea collected 
during the cruise of the Buccaneer 
in 1886 although this expedition 
covered much the same area as that 
sampled by the Cape St. Mary 
sixty-six years later. However, the 
results of this latter survey suggest 
that the distribution of the species 
is, in some way, related to colder 
surface water. The cruise of the Buccaneer, between 
Cape Three Points and Lagos, took place during 
January and February and Scott’s records showed that 
surface temperatures at this time exceeded 27° C. 

The distribution of zooplankton along this coast is 
of interest in connexion with the fishery for Sardinella 
aurita Valenciennes. This fish is rare in Nigerian 
waters but abundant off the coast of Ghana‘, where 
high landings correspond closely to the period when 
the surface temperature is below 25° C. (ref. 6). Recent 
work on S. aurita has shown that its chief food 
groups are copepods together with other planktonic 
Crustacea, and that aggregations are often closely 
related to the available food supply’. 


its 


V. BaInsRIDGE* 


Oceanographic Laboratory, 
Edinburgh. 


*Formerly of the West African Fisheries Research Institute, 
‘Janke, J., Arch. Deutsch. Seewarte, 38 (1920). 
*Howat, G. R., Nature, 155, 54 (1945). 
*Vervoort, W., Temminckia, 8, 1 (1949). 
‘Scott, T., Trans. Linn. Soc. Lond. (Zool.), 6, 1 (1894). 
* Postel, E., World Scientific Meeting on the Biology of Sardines and 
a. Species. Stock and Area Paper No. 3 (F.A.0O., Rome, 


* Gold Coast Fisheries Dept., Report for the year 1950-51 (Government 
Printer, Accra, 1952). 

* Komarovsky, B., Proc. Gen. Fish. Coun. Medit., 5, 311 (1959). 

*Chromov, N. S., Comité de la Sardine, Paper No. 166, Cons. Int. 
Explor. Mer, C.M. (1960). 


Internal Waves and Waves of Sand 


A DESCRIPTION has been given of some large sand 
waves on La Chapelle Bank which lie parallel to the 
general direction of the edge of the continental shelf!. 
They occur within a zone about 10 miles wide, have a 
mean separation of 2,800 ft. and are up to 40 ft. 
high. Berthois* believes them to be fossil ridges 
while Cartwright* has shown in some detail how they 
could be formed by stationary waves, which develop 
in the thermocline as the tidal streams, moving land- 
wards, feel the constraining influence of the shelf. 
These would be equivalent to lee-waves found on the 
down-wind side of a mountain. 

Internal waves (not necessarily stationary) of 
similar amplitude and wave-length to the sand 
waves are the only possible explanation of the 
abnormal oscillation of a scattering layer shown in 
Fig. 1. The pettern was recognized on August 15, 
1959, and on August 3, 1960, when R.R.S. Discovery 
IT passed over the bank using a 36-ke./s. narrow-beam 
echo sounder. The new information appears to 
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overlying sand waves of similar size. 
approximately at right-angles to the crests of the sand waves and 
mid-point is situated about 8 miles from the oceanward side 
of the bank. (The vertical white stripes are due to defective 
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« Scattering 
layer 


+ Sand waves 


Fig. 1. An echo sounder record over La Chapelle Bank, showing 
internal waves (revealed by a well-developed scattering layer) 


The record was taken 


recording paper) 


support Cartwright’s theory, and adds interest to the 
study of the internal waves in the western approaches 
to the English Channel. 
A. H. Srrivge 
M. J. TucKER 


National Institute of Oceanography, 
Wormley, Godalming, 
Surrey. 
* Cartwright, D., and Stride, A. H., Nature, 181, 41 (1958). 


* Berthois, L., Rev. Trav. Inst. Péches marit., 23, 225 (1959). 
* Cartwright, D., Proc. Roy. Soc., 258, 218 (1959). 


METALLURGY 


‘Intrinsic Stress’, o,., in the High- 
Temperature Behaviour of Metals 
THE governing relation between strain ¢ and stress 
o for the behaviour of metals at temperatures above 
about half the melting point seems to be of the form : 


1 de 


de 
a Eat 


dt 


M sinh ~ 

So 
where E£ is the elastic modulus and M is a function of 
temperature'. The quantity o,, which has the 
dimensions of stress, is a constant for a metallurgic- 
ally stable material and is independent of temperature. 
Its value does, however, vary considerably, depend- 
ing on the presence of impurities or of alloying 
material. 

The constancy of o, with temperature has been a 
mystery, but a recent paper* has perhaps thrown some 
light on the matter. In this paper the authors relate 
creep to the presence in the metal of so-called ‘bad 
sites’ which impede the free movement of dis- 
locations. These bad sites are provided by crystal 
imperfections, impurities, and alloying elements. At 
these sites there develops a stress concentration 
which is relieved by diffusion of matter in the vicinity 
of the site. Such a movement of matter permits the 
activation energy for creep to be rationally identified 
with the activation energy for self-diffusion in 
agreement with experimental observations. 

The authors, who call o, an ‘intrinsic stress’, have 
attempted to compute its value on the basis of the 
postulated material with its bad sites. They find 
that : 

nk6 


q°* 3s 
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Table 1. COMPUTED VALUES OF 9? 
Material 6 (° K.)| V (e.c.) Ge, psi ¢ 6 O, = Ge (1 + 0b), » oa o Reference for 
~! = psi 8 value of a, 
Gamma iron (0-44 per cent carbon) | 420 71 | 885 0 835 3-75 |0-0625| 3 
Low carbon steels (up to 0-2 per cent 
carbon) 420 71 1,300 4-68 0-078 4 
Lead (coarse-grained) | 88 18°8 96 0 96 4°52 | 0-0752 3 
Aluminium (99-987 per cent)* 390 10-0 382 0 382 3°12 | 0-0520 3 
Aluminium (99-987 per cent)t 390 || «+100 250 0 250 2-53 0 -0421 2 
Aluminium plus 1 per cent magnesium 390 | 100 250 140 0-01 600 3-92 | 0-0653 2 
Aluminium plus 2 per cent magnesium | 390 | 10-0 250 140 0-02 950 4°94 | 0-0825 2 
Aluminium plus 2°32 per cent zinc | 
(7075 alloy) | 390 10-0 250 700 0 -0232 4,300 10°5 0-1745 1 
* Annealed 30 min. at 733° K.; mean grain diameter, 0-21 mm. +t Mean grain diameter, 0-25 mm. 


where n is the order of the highest vibrational level 
which is sufficient to avoid holding up a dislocation 
(since this communication is concerned with elevated 
temperatures, ” is taken as 3); &, Boltzmann’s con- 
stant, 1-37 x 10-'* erg/sec.; 0, the Debye tempera- 
ture, ° K.; v, the volume per atom (c.c.) ; 9, the mol 
fraction of bad sites. 

For computational purposes it is convenient to 
replace v by : 

y 
N 
where V is the atomic volume and N is the Avogadro 
number, so that : 
3NkK0 | 
Sy —“— 
V 

For a given material, the intrinsic stress from this 
formula is thus independent of temperature and 
varies only with the concentration of bad sites. (It 
may be noted that o, as defined above is not a stress 
as such, but is thermal energy per unit volume.) 

It is known experimentally that oc, increases 
linearly with concentration of alloying element, at 
least for small concentrations (see, for example, 
Fig. 8 of ref. 2). Thus one may write : 


o, (1 + cb) 


where G, is the value of c, for the pure metal; 6 
is the concentration of the alloying element; c is a 
consiant. 

In recent years, enough values of c, have become 
known for various materials with sufficient accuracy 
from. phenomenological observations of creep and 
related behaviour at elevated temperatures to enable 
these values to be used with confidence in calcula- 
tions. For the purposes of this communication, these 
values of oc, are considered as known. 

The question therefore presents itself in the form : 
Are the values of 9 required to account for these 
known values of co, reasonable in magnitude ? On 
solving for », the mol fraction of bad sites, it is found 
that : 


ahh 
_ al as G_ (1 + 0b) 
aces 
0-01665 7 6, (1+ch) 


Go = 


with o, expressed in Ib./sq. in. and V in c.c. 

Table 1 shows some computed values of g. In the 
case of the lightly alloyed metals, the values of V and 
6 used were those for the pure metals. 

Thus for ‘pure’ metals, out of 15-20 sites, one 
will be ‘bad’. 


Note that the concentration is about 





the same for gamma iron and for lead, two widely 
different metals. The process of alloying aluminium 
with 1 per cent of magnesium increases the number 
of bad sites by about 50 per cent over the number for 
the original pure metal, while the addition of 2 per 
cent magnesium doubles the original number of bad 
sites. For a practical aluminium alloy like 7075 
which uses 2-32 per cent zinc, the number of bad 
sites is apparently as high as one in every six. 

It is noticed that at the temperature-range under 
discussion, the dislocation locking force by chemical 
interaction of the solute and solvent atoms accounts 
for a large portion of resistance to dislocation move- 
ment (ref. 5). It is known that this locking force is 
strongly dependent on concentration. Thus it appears 
that p may be an expression of the effectiveness of this 
locking force. 

The explanation by the authors of ref. 2 thus 


seems to furnish a rational picture of the nature of 


the ‘intrinsic stress’ o,. 


E. Z. STowE i 
T. S. Liv 


Southwest Research Institute, 
San Antonio, Texas. 

1 Stowell, E. Z., NACA TR 1343 (1958). 

* Ree, F. H., Ree, T., and Eyring, Henry, Proc. Amer. Soc. Civil 
Eng., Eng. Mech. Div., 86, 41 (Jan. 1960). 

* Stowell, E. Z., NACA TN 4396 (1958). 

* Heimerl, G. J., NACA, Langley Field, Va., presented at the Fourth 
Sagamore Ordnance Materials Res. Conf., Raquette Lake, N.Y. 
(Aug. 21-23, 1957). 

* Suzuki, H., “Dislocation and Mechanical Properties of Crystals”, 
361 (John Wiley and Sons, New York, 1957). 


CHEMISTRY 


Liquid Chromatographic Separation of 
Mixtures of Polymers and Mineral Oil 


Porath and Flodin' have shown that macromole- 
cules in aqueous solutions may be separated from low 
molecular weight compounds by liquid chromato- 
graphy using a cross-linked dextran (‘Sephadex’) as 
the stationary phase, and water as the mobile phase. 
It has now been found in these laboratories that 
polymers dissolved in mineral oil can be separated 
by a similar chromatographic technique. Small 
pieces of thin vulcanized natural rubber latex are 
used as the stationary phase, and a light paraffin 
hydrocarbon as the mobile phase. 

The column used was 21 mm. in diameter, and an 
82 cm. length was packed tightly with small pieces 
of rubber; for convenience pieces of surgeons’ 
finger-cots (‘London’ brand, supplied by Osborne 
Garrett and Co., Ltd., 51/55 Frith Street, London, 
W.1) were used. The area of the pieces of unswollen 
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Fig. 1. Separation of a mixture of polyisobutene and mineral oil 
by liquid chromatography using rubber as the stationary phase 
and n-heptane as the mobile phase 


rubber varied from less than 1 to about 200 sq. mm., 
the average size being about 15sq. mm. The rubber 
was washed with n-heptane before being placed in the 
column, n-heptane being also used as the mobile 
phase. Under a head of 10 cm. of solvent the flow- 
rate was about 50 ml. an hr. The sample (about 250 
mgm.) dissolved in 5 ml. of n-heptane was placed on 
top of the rubber packing. After all the sample had 
passed into the packing, further solvent was added, 
and the flow-rate adjusted to 10-15 ml. an hour. 
Fractions of 6 ml. were collected, the solvent being 
evaporated from each fraction and the residue 
weighed. A graph showing the separation obtained 
with a mixture of polyisobutene (average molecular 
weight = 18,000) and mineral oil is shown in Fig. 1. 
The weight per cent of polyisobutene found was 
25-0 compared with 21-9 found by another method ; 
98-2 per cent of the material placed on the column 
was recovered. The rubber is slightly soluble in the 








n-heptane; about 0-2 mgm. is found in a 6 ml. 
fraction. 

The separation is presumably due to the swollen 
rubber acting as a type of molecular sieve. The 
relatively small mineral oil molecules are able to 
diffuse into the rubber and are thus delayed during 
their passage through the column. This explanation 
is supported by Hill and Munsell’s? observation that 
mixtures of polymers and mineral oil dissolved in 
light paraffin hydrocarbons can be separated by 
dialysis using a rubber membrane. Other types of 
polymers in solution in mineral oil have also been 
separated. 

The Directors of Esso Research Ltd. are thanked 
for giving permission to publish this communication. 

P. I. BREWER 

Esso Research Ltd., 

Abingdon, Berkshire. 

'Porath, J., and Flodin, P., Nature, 188, 1657 (1959). 


* Hill, M. W., and Munsell, M. W., Amer. Chem Soc., Div. Pet. Chem., 
Preprints, 5 (3), 115 (1960). 
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Decomposition of Water by Light 


WE wish to direct attention to two simple cases 
in which the decomposition of water (or some other 
oxidation-reduction reaction) can be effected by light 
of practically any wave-length, and which may play 
some part in Nature.*. 

The experimental details of these arrangements 
have already been described**. A novel aspect of 
these experiments is that an organic crystal acts as 
a photovoltaic and a photoconductive device. In 
our case, an anthracene crystal was placed between, 
and separated, two 1M sodium chloride solutions, 
which acted as transparent electrical contacts to each 
face of the crystal. These solutions were then con- 
nected to each other by an external wire. A current 
flowed in the external circuit when the crystal was 
illuminated on one side by 3650 A. light, as a result 
of the production of a photo-voltage. 

If the crystal had merely been immersed in the 
salt solution, with no external wires, there would 
still have been a flow of current through the salt 
solution, producing in this case hydrogen at the 
illuminated face and oxygen at the unilluminated 
face. In other words, the suspension in a salt solu- 
tion of material capable of exhibiting a photovoltaic 
effect, and the subsequent illumination of this material 
alone will lead to the decomposition of the water into 
hydrogen and oxygen. The wave-length at which 
this will occur will depend entirely on the action 
spectrum of the photovoltaic material. 

This decomposition of water is, of course, simply 
an electrolysis, which will take place even at voltages 
much smaller than the decomposition potential of 
1-7 volts, a fact which is sometimes overlooked. 
More important is the fact that in our case no special 
photovoltaic device containing a p-n junction or 
special electrodes was necessary for such a decom- 
position. The pure material, in contact with water, 
and exposed to strongly absorbed light, will develop 

a photovoltage, a current, and consequently will 
decompose water. This voltage is produced by an 
internal concentration gradient of charge carriers, 
which is brought about by the inhomogeneous excita- 
tion of the organic material. The light is practically 
completely absorbed in a thin layer adjacent to the 
illuminated side of the organic material. No special 
layers and no asymmetrical electrodes are required. 
This is the first process to which we wish to, direct 
attention. 

The second process we envisaged is quite different 
and uses a chemical reaction plus light. If the 
electrodes in the arrangement described above are 
asymmetric, as would be the case if the composition 
of the electrolyte were different on both sides of the 
organic material, or if the two faces of the crystal 
were different from each other, an electrochemical 
potential would be set up across the crystal ; but only 
an extremely small current would flow in the dark 
as long as the organic material is non-conductive. 
If now the organic material is illuminated with light 
that is either uniformly or inhomogeneously absorbed 
and thus become photoconductive, a current will 
flow driven by the electrochemical voltage, and this 
current would decompose the water. Here the effect 
of the light is only to make the organic material 
conductive. Of course, both the photovoltaic and 
the conductive effects could occur in the same unit 
and the respective currents produced could either 
add or subtract, depending on the relative polarity 
of the photovoltaic and electrochemical potentials. 
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The fact that a pure organic material suspended in 
water can decompose the water under the action of 
strongly absorbed light should be an important con- 
sideration in those theories which propose the inter- 
vention of an electronic mechanism in the early stages 
of photosynthesis*. It would be expected, of course, 
that in Nature the photosensitive material would 
be more highly adapted and efficient than in our 
laboratory experiment. 

Acknowledgment is made of the assistance of the 
Office of Naval Research (NONR 285(41)) in this 
work and of the Air Force Cambridge Research 
Center, Contracts AF'19(604)-3888 and AF'19(604)-— 
5495. 
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The Concerted Mechanism in Acid-Base 
Catalysis 

Tue velocity, v, of reactions which exhibit general 
acid-base catalysis in carboxylate buffers is generally 
assumed to conform to the equation : 

v = kw[H,0] + ky[H,0*] + kon([OH-] 

+ kya(HA] + ka(A-] (1) 

where the various catalytic constants, k, are differ- 
entiated by their subscripts. However, Dawson and 
Spivey' reported in 1930 that the quantitative 
description of the rate of enolization of acetone, as 
measured by its iodination in acetate buffers, required 
an additional cross-term k,[HA][A-]. The experi- 
mental result was substantiated in 1953 by Bell and 
Jones, who also found similar cross-terms, which may 
account for up to 20 per cent of v, for trimethylacetate 
and glycollate buffers. These data are widely con- 
sidered to be the sole evidence*.‘ for the occurrence in 
aqueous solution of a catalytic mechanism, which 
requires the simultaneous presence of an acid and a 
base in the transition state complex. The process has 
been variously described’ as ‘concerted’, ‘syn- 
chronous’, ‘push-pull’, ‘ternary’ (with reference to 
the hypothetical number of species in the transition 
state) and ‘bimolecular’ (with reference to the 
hypothetical number of catalytic molecules). 

Although Dawson and Spivey! appreciated that 
the kinetic data are consistent with the formation of 
the hydrogen diacetate ion, HA,-, in aqueous solution, 
the possible existence of this species has been re- 
peatedly discounted‘-*. Preliminary reports’ of the 
existence of the hydrogen diacetate ion and three 
homologues in a 3 M sodium ionic medium at 25° C. 


have been given elsewhere. Values of the association 
constants for the relevant reactions : 
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H* + A- = HA KE, (2) 
HA + A- e@ HA, Ki: (3) 
H+ + HA, = H,A, Ke. (4) 


under these conditions are given below. 


Acid log Ky, log Kis log Ke 
HOCH,CO,H 3-920+0-005 —0°53+0-02 3-1640-03, (J.D. E. Car- 


son) 
MeCO,H §-014+0-009 —0°34+40°03 4:63+40-01 (D. L. Mar. 


Me,CCO,H 5-327+0-005 ~ -0°14 ~ 5°33 Oy. Clarke) 
The original potentiometric evidence for the above 
equilibria in the acetate system has now been sub. 
stantiated by calorimetric titrations, and the enthal. 
pies. and entropies of association have been caleu. 
lated*. The analogous equilibria have also been 
characterized potentiometrically in eleven other 
monocarboxylate buffer systems’. 

As the concept of an inert ionic medium", which 
effectively controls activity coefficients, has not been 
generally accepted, it may be noted that dimerization 
constants, referring to the conventional thermo. 
dynamic standard state in aqueous solution, have 
aiso been reported!! for seven monocarboxylic acids, 
If our general conclusion that the first acid dis. 
sociation constants of the monomeric and dimeric 
acids are of the same order of magnitude be accepted, 
then it may readily be confirmed that appreciable 
concentrations of HA,- ions do indeed exist in con- 
centrated buffers. 

Accordingly, there is no unambiguous experim- 
ental evidence for the concerted mechanism in 
aqueous solution. Dawson and Spivey’s original 
hypothesis' that HA,- ions are catalytically active 
is simpler than the hypothesis of a bimolecular 
catalytic process and a ternary transition state 
complex. 

The term kx may readily be shown to equal kya, 
K,,. On the reasonable hypothesis that the secondary 
salt effect is zero for reaction (3), we may combine 
our values of K,, with Bell and Jones’s catalytic 
constants*. We find 10%kya, 10%k,, 10%ya, to be 
5, 15, 44 for acetate; 4-4, 25, 64 for trimethyl- 
acetate; and 10*y4, ~ 35 lLmole-? min. for 
glycollate at an ionic strength of 0-2 and 25°C. 
Hence, the proton bismonocarboxylate ions appear 
to be more effective catalysts than the monomeric 
acids and carboxylate ions in enolizing acetone. 
Bell and McCoubrey™* have reported that the 
iodination of acetone is also catalysed by the ana- 
logous ion, HF ,-, which they consider to function as 
an acid catalyst. Correlations of the available data 
suggest that the HA,- ions are functioning as base 
catalysts. However, they are more effective than 
would be expected on the basis of the Brénsted 
relationship for the monomeric bases A-. It may well 
be that they are really polyfunctional catalysts, and 
that the transition state complex has the cyclic 
structure proposed by Swain and co-workers’. 

Finally, it may be stressed that equation (1) can 
only be valid for very dilute buffers. For concen- 
trated buffers, (1) might be expected to contain not 
only the cross-term under discussion, but also 4 
further term kp[HA]*. The concentrations of the 
dimeric monocarboxylic acids H,A, in concentrated 
buffers with a high ratio of acid to salt are of com- 
parable magnitude to the concentrations of the HA,- 
ions in 1 : 1 buffers. The dimers are, moreover, in the 
open form in aqueous solution and not eyclic’*. A 
complete analysis of more extensive and precise 
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Kinetic data would follow the principles outlined 
elsewhere?®. 
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Spectra of Tetrahedral Inorganic Complexes 


In the course of work on the spectra of tetrahedral 
inorganic complexes we have obtained two important 
types of information, both of which are specially 
significant for the interpretation of the physical 
properties of these complexes. The first is the 
magnitude of the ligand field appropriate to these 
complexes, and the second is the nature of the 
inorganic complex—solvent interactions. 

Following the recent work of Gill and Nyholm’, it 
is now possible to obtain authentic simple tetra- 
halogeno-complexes of manganese, iron, cobalt and 
nickel. These have been shown? to be essentially 
tetrahedral except possibly for some slight distortions 
which are not important to this communication. It 
proved, however, somewhat more difficult than 
anticipated to obtain the spectra of these complexes 
because of the large solvent-complex interactions 
which were observed in different supposedly ‘inert’ 
organic solvents such as nitromethane, dimethylform- 
amide (DMF), dimethyl sulphoxide (DMS) and 
dimethylacetamide (DMA). 

Even nitromethane solutions of the CoCl,?- ion 
(with the triphenylmethyl arsonium cation) show 
departures from Beer’s law which are due to the 
presence of such species as CoCl,»X,, X being a 
solvent molecule, and for solutions of the NiCl,?- 
complex the degree of solvation is very large. Not 
only tetrahedral species occur, however, for in 
dimethylformamide as solvent there is an octahedral— 
tetrahedral equilibrium which lies almost entirely 
on the octahedral side for solutions of the [NiCl,]~ 
complex and on the tetrahedral side for the analogous 
manganese, iron and cobalt complexes. In dimethyl 
sulphoxide the nickel complex is present entirely as 
the octahedral form. 

The complexing power of these solvents is such 
that we have been able to isolate complexes of many 
types, including [M(DMF),](C10,), and MC1,(DMF),, 
and, by studying the effect of chloride ion addition 
to the octahedral perchlorate, we have been able to 
determine the extent of solvation. This has previ- 
ously been done in alcoholic solutions*,*, and recently 
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some complexes with dimethyl sulphoxide have been 
isolated’, but the equilibria in non-hydroxylic solvents 
have not previously been understood. 

Briefly, on addition of triphenyl methyl ‘arsonium 
chloride to [Co(DMF),}(ClO,),, the latter is at first 
transformed into the species CoCl,DMF- without 
any other detectable intermediates ; and addition of 
further chloride, up to a molar excess of about 10: 1, 
converts a large part of this into CoCl,?-. 

The behaviour of [NiCi,]*- in dimethylformamide 
solution (and dimethylacetamide and dimethyl 
sulphoxide) is much more complicated, since nearly 
all the solute is present as an octahedral form in the 
absence of excess chloride. The equilibrium is 
strongly dependent on temperature, higher tempera- 
tures favouring the various, presumably tetrahedral 
but perhaps square, species ; there are at least three 
and possibly four of these which occur in the solution, 
together with at least two octahedral complexes. 
Complete analysis of the spectrum is very difficult, 
however, because the spectra of the two stereochemical 
species overlap one another considerably, as do also 
the various tetrahedral spectra. Even in nitro- 
methane, which is found to be the least solvating 
medium, the emax, values of [NiCl,]*- solutions are 
increased by nearly 30 per cent when excess chloride 
ion is added and a spurious band is eliminated at the 
same time. 

The above synopsis emphasizes the need for caution 
in ascribing absorption bands of complexes in solution 
to any particular species, unless the absence of 
solvation has been clearly demonstrated. 

The spectra of the tetrahedral species yield very 
interesting information concerning the magnitude of 
A(= 10Dq) for tetrahedral halide complexes, and in 
Table 1 we have summarized the results found for the 
chlorides of manganese™, cobalt and nickel. 
































Table 1 
| 
Con- 
fig. Absorption maxima (cm.~*) 
of Com- | Ain 
free plex | em,-* 
ion | Experiment Calculated 
d* | MnCl,2- | 21650 22520 23200 | 21850 223850 23150| 2650 
23420 26550 27330 | (23420) 27500 27200 
28090 35550 37100 ose ty (35550) 35730 
36450 
d@’ | CoCl,?- | 25800 14415 14965 $250 (5850)14900| 3250 
15580 15745 16295 
d* | NiCl,?- ? 7550 14180 4000 (7500) 14200} 3650 
15170 16255 | | 
Note. In Table 1 the figures in brackets are used as parameters 


to calculate the other frequencies. Also, except for manganese, all the 
transitions listed are spin allowed. It will also be noted that only one 
visible band is listed instead of many for the cobalt and nickel com- 
plexes. The other bands are usually (ref. 6) assigned as partner spin- 
orbit components of the main band, but for cobalt there are too many 
of them, and in both cases they are too far apart (ref. 7) to be due 
simply to this, so that there are still features requiring explanation. 


Some rough estimates of A for tetrahedral halides 
of manganese, cobalt and nickel have been given 
previously’*-!*, but these have been based either on 
incomplete experimental evidence or else upon spectra 
which have been erroneously ascribed to the assumed 
species. 

Thus we have been unable to confirm the usually 
quoted!*4,15 value of 6,300 cm.-! for the ‘7’,(F) < 
‘4 .(F) transition in CoCl,*-. The infra-red spectrum 


has been examined in this region by Dr. C. Barra- 
clough, who finds a very broad band with its maxi- 
mum in the range 5,800-5,500 cm.-', but at least 
below 6,000 cm.-'. 


Such a value leads to a notable 
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reduction of A from the 3,750 cm.-' provisionally 
estimated by Orgel’® and the 3,500 cm.-' used by 
Ballhausen and Jorgensen"'. The molecular extinc- 
tion coefficients given by Orgel’® are also too large 
by a factor of five. 

We have also been unable to confirm the spectrum 
claimed"? for NiCl,*-, which was based on bands 
found in the spectrum of a complex melt ; we con- 
sider that the melt spectrum belongs to some other 


(perhaps essentially square or tetrahedral) species of 


nickel halide, since it closely resembles a spectrum we 
obtained when anhydrous nickel chloride was dissolved 
in dimethylformamide, dimethylacetamide or di- 
methyl sulphoxide. The spectrum of the NiCl,?- 
species in a ‘Nujol’ mull has one broad band with a 
maximum between 7,500 and 7,600 cm.-', and on 
simple crystal field theory it is impossible to account 
for a band at that energy unless a value of A larger 
than 4,000 cm.-' is used. From other compounds 
this seems too large, and it can be reduced to about 
3,650 om.-' if the complete treatment including spin- 
orbit interaction’ is used for the calculations. Even 
this value seems large, and it may be that there are 
relatively large non-cubic components of the perturb- 
ing field in this molecule because of departures from 
a perfectly tetrahedral structure. 

The values of A for cobelt and manganese are 
close to one-third the value of A(octahedral) for the 
hexahydrates. If, as has been suggested®, the Dq 
for Cl- is only 75 per cent that of water, then the 
theoretical ratio of 4/9 between the octahedral and 
tetrahedral A values would be well supported by 
experiment. 

A complete report of this work is now being 
prepared for publication. 

8S. Burraeni* 
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BIOCHEMISTRY 


A Possible Biochemical Mechanism for 
Memory 


In a recent paper', Leo Szilard has shown that a 
system consisting of an enzyme, an enzyme-forming 
apparatus and a repressor may be able to exist in 
two stable states, provided the combining energies 
between the various components of this system lie 
within certain ranges of magnitude. The two stable 
states which can exist contain either high or low 
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concentrations of the enzyme. If the concentration 
of the enzyme or the repressor is changed by externa] 
manipulation, the system returns to one or the other 
of the stable states. Such a system was termed 
‘para-constitutive’ by Szilard, and its possible 
biological significance in differentiation and antibody 
formation? was suggested by him. 

I should like to direct attention to another possi. 
bility, namely, that a para-constitutive system, the 
components of which are at this time beyond con. 
jecture, may constitute the unit of memory in the 
brain. A change from one to the other of the two 
stable states would correspond precisely to the binary 
memory components used in computors. Since a 
human brain cell may contain as many as 10° genes, 
as estimated by Szilard for other human cells, a very 
large number of binary units per brain cell seem 
possible. It appears conceivable that one might 
obtain experimental information on the existence of 
such systems by the careful analysis of brain con- 
stituents as a function of the number of memory 
impulses to which the brain was exposed. A brain 
exposed to a large number of sensory stimuli would be 
expected to have different concentrations of the 
components of the postulated system from a brain 
carefully shielded from such stimuli. 

I should like to suggest that ‘para-constitutive’ 
systems may have numerous other biological appli- 
cations, and that the recognition of their existence 
appears to be one of the most important biological 
hypotheses made in recent times. 


VOL. 188 
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Department of Biochemistry, 
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Heterogeneity of Fatty Acids from Royal 
Jelly 


Tue presence of hydroxy fatty acids as the major 
component of the lipid portion of royal jelly was 
indicated many years ago by Townsend and Lucas! 
and was confirmed recently by Butenandt and 
Rembold?. The latter authors characterized the major 
component as 10-hydroxy-2-decenoic acid. A trans 
configuration has been assigned to the double bond}. 
This unusual fatty acid has been found also in the 
food of worker bee larve* and in the mandibular 
glands of worker bees*,®, but appears to be absent 
from pollen and other bee food. Unusual biological 
activity has been ascribed to the substance by Blum 
et al.* and by Townsend é¢ al.’. 

Several chromatographic methods have been em- 
ployed in our Laboratories for a careful examination of 
the chloroform-soluble portion of lyophilized royal 
jelly. The results have revealed that the lipid portion 
is a mixture which is resolved with difficulty and is 
somewhat more complex than has been previously 
supposed. A large fraction of the royal jelly lipids 
consists of free fatty acids. Chromatography of the 
chlo.oform extract on a silicic acid adsorption 
column separated the major acidic components into 
three fractions. The first of these consists of decan- 
dioic acids, the second consists of several mono- 
hydroxy monocarboxylic acids, and the third consists 
principally of dihydroxy monocarboxylic acids. Each 
fraction was separated further by silicic acid partition 
chromatography, paper chromatography, and chrom- 
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atography of the methyl esters in the vapour phase 
employing a silicone stationary phase. 

The decandioic acid fraction consists of roughly 
equal parts of two acids that were separated by 

ition chromatography using 1 M citrate buffer, 
pH 5-75, on silicic acid as the stationary phase and a 
gradient of butanol-1 in chloroform as the moving 

The methyl esters were also separated by 
yapour-phase chromatography. One of these com- 
unds had chromatographic properties and melting 
point identical with those of sebacic acid. The other 
compound had properties identical with those reported 
for 2-decen-1,10-dioic acid. On reduction with 
hydrogen in the presence of platinum it gave sebacic 
acid. This confirms the work of Brown and Freure‘, 
who also reported the presence of these substances 
in royal jelly. 

The hydroxy acid fraction contained at least six 
components, as judged by vapour-phase chromato- 
graphy of the methyl esters. A major component that 
constitutes at least 80 per cent of this fraction was 
obtained in a fairly high state of purity (95 per cent 
or greater homogeneity, judged by vapour-phase 
chromatography) by careful chromatography on silicic 
acid. This material melts at 61-5—62° C. (corrected) 
and on reduction with platinum and hydrogen gives 
more than 80 per cent yield of 10-hydroxydecanoic 
acid (m.p. 73-5-74-5° C., mixed melting point with 
authentic compound 73-5—75° C.). Mixtures of this 
acid, which is assumed to be 10-hydroxy-2-decenoic 
acid, with the other naturaily occurring constituents 
of the hydroxy acid fraction melt in the range from 
53° to 60°. 

A second component, comprising about 5 per cent 
of the hydroxy acid fraction, has the chromatographic 
properties of the saturated compound, 10-hydroxy- 
decanoic acid. A small amount of this material was 
separated from the unsaturated acids by a modifica- 
tion of the method of Jantzen and Andreas*. The 
somewhat impure compound melted at 71-5—73-5° C., 
and a mixture of this material with the authentic 
compound melted at 72—75° C. 

The third crude fraction yields on recrystallization a 
material that melts at 98-101° C. Analysis gives the 
formula C:9H20O4 and the neutral equivalent is 208 
(calculated 204). The infra-red and _ ultra-violet 
spectra indicate a saturated carbon chain. Vapour- 
phase chromatography of the methyl ester indicates 
that this consists of three very similar and not com- 
pletely separable components. The major compound 
constitutes about 85 per cent of the mixture. Although 
it has not been possible to separate the components, 
and only small amounts of material are available, 
preliminary work involving chromic acid oxidation, 
dehydration and acetylation indicates that the prin- 
cipal compound is a dihydroxydecanoic acid con- 
taining a hydroxyl group in the 6-position to the 
carboxyl group. The other hydroxyl group does not 
appear to be terminal. 

The complexity of the mixture of fatty acids in 
royal jelly indicates the need for caution in inter- 
preting the results of experiments on the biological 
activity of crude samples presumed to consist of 
10-hydroxy-2-decenoic acid. Many of the fatty acids 
have similar polarity and cannot be. removed by 
repeated recrystallization. The presence in this 
mixture of a homologue of traumatic acid (duodecen- 
1,12-dioie acid), which is known to have a profound 
effect on cell growth, serves to emphasize the care 
that should be exercised in such experiments. 
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The fact that all fatty acids thus far identified in 
royal jelly contain ten carbon atoms and that the 
queen substance, recently characterized and synthe- 
sized®, also is a decenoic acid (9-oxo-2-decenoic acid) 
probably indicates a common biogenetic origin of 
these compounds. It is tempting to speculate that 
some component of the diet fed to the queen by ber 
workers is converted in her body to the queen sub- 
stance. However, no evidence for this is now avail- 
able. 

Experiments have been performed using isotopically 
labelled compounds in an effcrt to demonstrate form- 
ation of hydroxy fatty acids in worker bees. Sodium 
acetate-1-!4C and sodium stearate-1-!4C have been fed 
to worker bees and included in an incubation medium 
with excised mandibular glands. In both cases con- 
siderable radioactivity was detected in lipid extracts 
of the mandibular glands, but the hydroxy acid 
fraction did not become labelled. 

The details of these experiments will be reported 
elsewhere. This work was supported by research 
grants from the U.S. Public Health Service and the 
National Science Foundation. 
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Malic Acid Synthesis in Escherichia coli and 
its Inh‘bition by Cocaine 

Tr has been shown that cocaine specifically inhibits 
the synthesis of citrate in yeast! and in animal 
tissues*, and that other local anesthetics possess a 
similar specificity of action in blocking cellular 
respiration®. An enzyme, malate synthetase, which 
catalyses the synthesis of malate from acetate and 
glyoxylate in a manner analogous to the formation 
of citrate from acetate and oxaloacetate, has since 
been discovered‘ and has been shown to participate 
in some micro-organisms in a modified citrie acid 
cycle which has been described as the glyoxylate 
cycles. 

In view of the analogous functions of malate 
synthetase and citrate synthetase, it occurred to us 
that cocaine might have a similar effect on both 
these condensing enzymes and would thus inhibit the 
synthesis of malate. Such inhibition has now been 
demonstrated in Escherichia coli, and it is of interest 
to compare the effects of cocaine on the two enzyme 
systems under similar conditions. 

We find that, whereas citrate accumulates in an 
aerated suspension of washed baker’s yeast in 0-2 M 
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magnesium acetate’, malate accumulates in EZ. coli 
under these conditions. The bacterial cell suspensions, 
with and without cocaine, were aerated at pH 7 
and 37° following the procedure previously described 
for the experiments with yeast*. Samples were with- 
drawn at intervals for the estimation of malic acid 
by the fluorimetric method of Hummel’, or of citric 
acid by the colorimetric method of Natelson, Pincus 
and Lugovoy*. In a series of experiments in which 
malic acid synthesis occurred at the rate of 20-30 
ugm./ml. cell suspension/hr., cocaine (0-001 M) in- 
hibited by 79 + 4 per cent. Citric acid synthesis in 
yeast under similar conditions was inhibited by about 
70 per cent’. 

No citric acid synthesis occurred in the E. coli 
suspension, which suggests that a glyoxylate cycle in 
this organism may function independently of citric acid 
metabolism and would thus differ from the glyoxylate 
cycle of Kornberg and Krebs. We are investigating 
this possibility and extending the work with cocaine 
to a study of its action on the isolated enzymic 
systems. 

We wish to thank Dr. N. F. T. Crowley of the 
Royal Free Hospital for supplying the pure strain 
of E. coli used in these experiments. 
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* Ryman, B. E., and Walsh, E. O’F., Nature, 172, 679 (1953). 

* Ryman, B. E., and Walsh, E. O’F., Biochem. J., 58, 111 (1954). 

* Ryman, B. E., and Walsh, E. O’F., J. Pharmacol., 7, 341 (1955). 

* Wong, D. T. O., and Ajl, 8. J., J. Amer. Chem. Soc., 78, 3230 (1956), 

* Kornberg, H. L., and Krebs, H. A., Nature, 179, 988 (1957). 

e ran 8., and Millington, R. H., J. Amer. Chem. Soc., 69, 3089 
t}. 

* Hummel, J. P., J. Biol. Chem., 180, 1225 (1949). 

* Natelson, S., Pincus, J. B., and Lugovoy, J. K., J. Biol. Chem., 

175, 745 (1948). 


§-Lactoglobulins in the Urine of the 
New-born Suckled Calf 


IMMUNOLOGICAL, electrophoretic and ultracentri- 
fuge data have been presented which show that 
certain proteins present in bovine colostrum con- 
tribute to a transient proteinuria which persists in 
the suckled calf for about 30-40 hr. post partum',*. 
The work reported here supports previous findings, 
but emphasizes more specifically that it is the 
8-lactoglobulin in the colostrum which is absorbed 
from the gut along with the immune lactoglobulin, 
during the period of gut permeability immediately 
post partum, which is afterwards selectively cleared 
from the circulation probably by glomerular filtration 
by virtue of its low molecular weight and gives 
rise to a 8-lactoglobulinuria. The immune lacto- 
globulin carrying the antibody activity is largely 
retained. 

Aschaffenburg and Drewry*.* have shown that 
there are two lactoglobulins A and B which can be 
identified by their differing electrophoretic mobility 
and that the presence of either one or both is determ- 
ined genetically. We have confirmed these observa- 
tions using starch-gel electrophoresis and have used 
these characteristics to identify further and confirm 
the major contribution of 8-lactoglobulin to the 
urine protein of the new-born suckled calf. 
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Fig. 1. Boundary electrophoretic patterns (ascending side only, 
phosphate buffer pH 8, J = 0-2) for rennin milk-whey proteins 
showing 8-lactoglobulins (|) 4, B and AB at a(i), b(i) and c(i), 
respectively, and at a(ii), d(ii) and e(ii) after the addition of a 
bovine serum albumin fraction to equal approximately the 
concentration of the 8-lactoglobulin 


In rennin-prepared milk-whey usually no separation 
of the mixed 8-lactoglobulin AB was obtained by 
boundary electrophoresis, and bovine serum albumin 
could only be distinguished as a separate component 
from the slower 8-lactoglobulin B (Fig. 1). 

In starch-gel electrophoresis, on the other hand, the 
B-lactoglobulins A and B were easily separable and 
in addition both could be distinguished from serum 
albumin, which showed a slightly slower mobility 
(Fig. 2a). Therefore colostra were selected in which 
the 8-lactoglobulin had been identified as either A, 
B or AB and were fed to new-born calves. 

Calves 1, 2 and 3 were fed colostrum containing 
AB, A and B 8-lactoglobulin respectively. Fig. 2, 
ce and d show an exact correlation between the 
electrophoretic mobility in starch-gel electrophoresis 
of the particular 8-lactoglobulins fed and the major 
protein components in the associated urine during 
proteinuria. The heavily stained slow component 
(immune lactoglobulin) in the colostrum fed is 
almost entirely absent from the urine. 

Although this method of electrophoresis does not 
give reliable quantitative data, it is evident that 
neither the immune lactoglobulin (mol. wt. 180,000) 
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nt at high concentration in the colostrum and 
after suckling in the serum of the calf, nor, with the 
ible exception of calf 3, the serum albumin 
(mol. wt. 68,000) contributes significantly to the 
inuria. 

The immune lactoglobulin has been shown to 
gonfer a passive antibody protection on the new-born 
ealf, which prior to suckling is agammaglobulinemic. 
Therefore its retention by the calf has a survival 
yalue, and since it is derived from the maternal 
serum*-’ it is unlikely to be antigenic. However, the 
§-lactoglobulin is synthesized locally in the udder® 
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>. and there is some evidence that proteins in this 
y the category may be antigenic in some circumstances 
when exposed to the general body tissues of the 
host®*. The rapid elimination of this protein together 
ration with the relative unresponsiveness of the new-born 
ad by to antigenic stimuli could help to avoid the develop- 
UMA ment of sensitivity. 
onent I am indebted to Mr. L. J. Wright for the starch-gel 
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2. Starch-gel electrophoretic Ue (phosphate buffer pH 7-6) showing at (a) serum 

ctoglobulins 4B, B and A, at (6), (c) and (d) colostral whey 
fed and derived — during proteinuria in calves 1,3 and 3, together with control milk- 
whey §-lactoglobulin AB and crude serum albumin fraction 
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Serotonin (5-Hydroxytryptamine) in the 
Male Reproductive Tract of the Spiny 
Dogfish 


In elasmobranch fishes, in which fertilization is 
internal, the caudal portion of the pelvic fin of the 
male is prolonged to form a stout rod-like copulatory 
organ or ‘clasper’. The clasper is rolled up in a 
scroll-like fashion, enclosing on its medial side the 
so-called clasper groove or tube, along which at 
copulation the spermatozoa pass from the urogenital 
papilla of the male to the oviducts of the female. 

The clasper groove communi- 
cates with an accessory organ, 
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glandular organ, the so-called 
clasper gland. Leigh-Sharpe', 
who studied in detail the 
comparative anatomy of 
secondary sexual characters 
of elasmobranch fishes, came 
to the conclusion that the 
clasper siphon of the Selachii 


1, Albumin ? . 
acts as a “reservoir of sea- 
water’ which is emptied at 
copulation by muscular con- 
tractions of the siphon wall, 
— and in this way helps to pump 
lactoglobulin the spermatozoa from the 


clasper groove into the ovi- 
ducts. Gilbert and Heath?, on 
the other hand, expressed the 
opinion that the siphons may 
actually have some secretory 
function, and contribute a. 
part of the seminal plasma. 

The total lack of data on the biochemical properties 
of the clasper siphon prompted me to study this 
organ in the spiny dogfish, Squalus acanthias, a 
viviparous aplacental elasmobranch, in which the 
abdominal siphons are particularly well developed 
and easily accessible. The siphon sacs of an adult 
male, caught early in July in the Gulf of Maine, were 
tapped by inserting through the apopyle the finely 
drawn-out end of a ball pipette, filled with water, 
and flushing the siphons with the water. Various 
chemical reactions were carried out with this fluid, 
including tests for ergothioneine, which is known to 
be secreted by male accessory organs of reproduction 
in certain mammals**. In the course of these 
analyses a strong diazo reaction was observed which, 
however, was not typical of ergothioneine but resembled 
other aromatic amines in its behaviour. This 
observation was followed up by a more extensive 
study of 25 ml. fluid which had been obtained by 
flushing the siphon sacs of five male spiny dogfishes. 
On deproteinization with zinc sulphate and barium 
hydroxide, and centrifugation, a water-clear extract 
was obtained, representing a dry weight of 175 mgm. 
or 7 mgm./ml. This extract, when used in 0-02- 
0-1 ml. quantities, yielded strongly positive colour 
reactions with sulphanilic acid and sodium nitrite ; 
Ehrlich’s dimethylaminobenzaldehyde reagent; 1- 
nitroso-2-naphthol ; and ninhydrin. At this point, a. 
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Fig. 1. Ultra-violet absorption curve of serotonin in the protein- 
free extract from the clasper siphon secretion; mercury lines 
are shown for reference 
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spectrophotometric analysis was carried out. The 
ultra-violet spectrum (Fig. 1) obtained with the 
1: 20 diluted extract in a Bausch—Lomb recording 
spectrophotometer exhibited all the characteristic 
features of the spectrum of the aromatic amine 
serotonin, known also as enteramine or 5-hydroxy- 
tryptamine. It possessed a maximum at 275 my and 
a subsidiary peak at 295 my ; on alkalinization with 
sodium hydroxide it exhibited two distinct maxima, 
at 275 and 325 my, respectively. From the optical 
density observed, and the molecular extinction 
coefficient « = 5:3 x 10%, the serotonin content of 
the protein-free extract was calculated as 437-5 ugm./ 
ml., or 6-25 per cent of the dry material. A determ- 
ination based on absorption measurement of the 
purple-coloured reaction product with 1-nitroso-2- 
naphthol’ gave a closely similar result, 6-38 per cent. 
Further confirmation of the identity of serotonin was 
obtained by paper partition chromatography. The 
chromatograms were run at room temperature for 
16 hr. on Whatman No. | filter paper, with butanol/ 
acetic acid as the solvent (40 vol. n-butanol + 10 vol. 
acetic acid + 50 vol. water; upper layer used) ; 
the spots were located with the following reagents ; 
diazotized sulphanilic acid*, Ehrlich’s reagent*, silver 
nitrate, ninhydrin. These reagents revealed spots 
the Rr value of which was identical with that of 
pure 5-hydroxytryptamine creatinine sulphate. 

Six more male spiny dogfishes became available in 
August. Three were sexually mature (990-1,280 gm.) 
and contained numerous spermatozoa in the seminal 
ducts and the ‘seminal vesicles’ ; their clasper siphons 
were about 9 cm. long and 1-5 cm. wide. The siphons 
were opened longitudinally and the undiluted secre- 
tion was collected. Each pair of clasper siphons 
yielded about 250 mgm. of a highly viscous, yellowish 
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fluid, the analysis of which revealed a rem arkably 
high concentration of serotonin, namely, 5-7—7-7 per 
cent, which corresponds to a content of more than 
16 mgm. serotonin per animal. After the removal of 
the secretion the siphons were washed with water, 
the tissue ground and analysed for serotonin. Pain, 
of siphons, weighing 2-8-3-6 gm., contained on the 
average 0-3 per cent serotonin, that is, about 9 mgm, 

per animal. Serotonin was absent, or present only 

in traces, in the sperm removed directly from rd 
seminal ducts and the so-called seminal vesicles, jn 
the contents of the cloaca, and in the liver ang 
testes. The remaining three dogfishes were sexually 
immature males (275-440 gm.) which contained no 
spermatozoa in the reproductive tract, and had 
clasper siphons about 0-5 cm. long, and weighing 
about 100 mgm. The clasper siphons of these 
immature males contained '0-017-0-048 per cent 
serotonin, that is, some 200 times less than found in 
sexually mature fishes. 

Serotonin is known to occur in certain organs, of 
vertebrates and invertebrates alike, usually in 
association with the so-called enterochromaffin cells ; 
it is implicated in various vital functions, including 
cardiac output, blood pressure, pulmonary and renal 
circulation, and the activity of the central nervous 
system and the gastrointestinal tract’.*. Serotonin 
exerts a powerful stimulating influence on the isolated 
rat uterus, in dilutions 1 : 100-200 millions®; and 
when administered intravenously to dogs, 1-3 ngm./ 
kgm., it elicits strong uterine contractions, followed 
by an inhibition’*. The findings concerning the spiny 
dogfish show that the clasper siphon is a rich source 
of serotonin, the concentration of which exceeds by 
many times the values recorded for other animal 
organs : a fish weighing 1 kgm. contains in its clasper 
siphons some 20 mgm. of serotonin. The presence 
of so much serotonin in a secretion which represents 
an integral part of semen suggests that, in the spiny 
dogfish in any event, serotonin may play a part in 
the reproductive process, either by affecting the 
mechanism of copulation and ejaculation in the male, 
or by eliciting contractions of the female reproductive 
tract, thus influencing passage of sperm and 
fertilization. 

I thank the Lalor Foundation for the award of 
the Senior Lalor Fellowship, Dr. P. S. Galtsoff and 
Dr. H. W. Graham of the U.S. Bureau of Commercial 
Fisheries Biological Laboratory for generously placing 
the experimental animals at my disposal, and 
colleagues at the Marine Biological Laboratory for 
friendly co-operation. 
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Function of Ribonuclease in Germinating 
Peas 


AtrHouGH ribonucieases have been found in a 
large variety of tissues of plant, animal and microbial 
origin, only the crystalline enzyme from bovine 

creas has been studied in detail. This enzyme is 
known to bring about the degradation of ribonuclease 
by transesterification. In this process, a 5’-phospho- 
ester residue is split and a new 2’-phosphate ester 
linkage is formed, giving a 2’,3’-cyclic phosphate of a 
pyrimidine nucleoside as shown (III ; R= 
eytosine or uracil; R,=adenine, guanine, cytosine 
or uracil); subsequent hydrolysis of the cyclic 
phosphate by the enzyme then produces the 3’- 
hydrogen phosphate of the pyrimidine nucleoside 
(I1I)!. Synthesis of internucleotide linkages has been 
demonstrated with certain ribonucleases?,? by reversal 
of the above reaction (III), and it has been shown 
that the specificity of the pancreatic enzyme in the 
reverse reaction is such that only linkages of the type 
known to be present in ribonucleic acid are formed‘. 
The involvement of ribonucleases in the synthesis of 
ribonucleic acid has frequently been suggested ; but, 
although the capacity of the enzyme to effect syn- 
thesis is not in doubt, it is difficult to obtain direct 
evidence to support the hypothesis that ribonucleases 
fulfil a synthetic function in the cell. 
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Reddi® has found that infection of tobacco leaves 
with tobacco mosaic virus is accompanied by a 
substantial increase in the ribonuclease activity of 
the leaves, and since the virus possesses no independ- 
ent enzyme systems, it was suggested that synthesis 
of viral ribonucleic acid occurs at the expense of leaf 
ribonucleic acid through the action of the leaf ribo- 
nuclease. In view of this suggestion, we wish to 
record our preliminary investigations on the activity 
of ribonuclease in the early stages of the development 
of the pea seedling. 

We have measured the ribonuclease activity, the 
percentage of ribonucleic acid and 6f protein in, the 
cotyledons and in the root and shoot in peas germ- 
inating in the absence of external nutrients. The 
results are shown in Fig. 1. It is seen that in the 
cotyledons, similar variations with time occur in 
protein and ribonucleic acid concentrations and in 
ribonuclease activity. In each case an abrupt change 
in the curve occurs around the fifth to the sixth day 
after sowing. Holden and Pirie* examined the 
ribonuclease of pea seedlings grown in compost and 
found that activity of the enzyme in the whole 
seedling increased from the second to the sixth day 
after sowing and remained constant thereafter until 
the tenth day when activity began to decrease. These 
results are not entirely comparable with ours, since in 
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our experiments no external nutrient was supplied. 
However, it is significant that the time at which 
sharp maxima occur in curves I, [I and III corresponds 
closely to the time at which Holden and Pirie ob- 
served maximum ribonuclease activity, and it appears 
that at about the sixth day after sowing a marked 
change occurs in certain reactions taking place in the 
cotyledons. 

The situation in the growing parts of the plant is 
quite different from that in the cotyledons. The 
ribonucleic acid of the root and shoot remains at a 
very low level until after the acid of the cotyledons 
has reached its maximum value, after which a slow 
increase occurs. Whereas in the cotyledons the 
ribonucleic acid content and ribonuclease activity run 
approximately parallel, in the root and shoot the 
appearance of ribonuclease activity precedes the 
increase in ribonucleic acid content (curves IV and V). 
Furthermore, the increase in activity occurs at a 
time when total protein (curve VI) is not increasing 
in the growing parts. 

It is felt that increase in ribonuclease activity at a 
time when synthesis of ribonucleic acid is taking place 
cannot be taken necessarily to imply involvement of 
the enzyme with synthesis, and no conclusions can 
be drawn regarding the function of the enzyme in the 
cotyledons from curves IT and III, which run parallel 
both during increase and decrease of ribonucleic acid 
content. In the root and shoot, however, the appear- 
ance of active ribonuclease prior to the increase in 
ribonucleic acid strongly suggests a synthetic function 
for the enzyme, since activity increases at a time 
when, there is apparently little or no substrate for the 
degradative reaction. 

So far as is known, nucleoside cyclic phosphates of 
type II have not been recognized as normal cellular 
corstituents, and it seems likely that, if inter- 


nucleotide bonds are formed in vivo by a reaction 
of the type II--I, the process is involved not with net 
synthesis of ribonucleic acid but with the reversible 
breakdown and re-synthesis. During the early stages 
in the development of the pea seedling in the absence 
of external nutrient, the growing organs are dependent 
We 


on the cotyledons for some cellular materials. 
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suggest that in the germinating pea, ribonuclease is 
involved in the translocation of polynucleotide 
material by bringing about degradation of ribo- 
nucleic acid in the cotyledons and re-synthesis in the 
root and shoot. This mechanism, since it does not 
involve nucleoside 5’-polyphosphates as intermediates, 
could operate without interference with the synthesis 
of nucleotide coenzymes in the growing parts of the 
plant. 
G. R. BARKER 
THELMA DovGLas 
Department of Chemistry, 
The University, 
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Mechanism of the Action of Thymidylate 
Synthetase 
Ir has been postulated'~‘ that the enzymic synthesis 
of thymidylic acid from deoxyuridylic acid occurs 
according to the equations : 


Tetrahydrofolate + HCHO = N°,N**-methylene 


tetrahydrofolate H,O (1) 
N*,N'*-Methylene tetrahydrofolate + deoxy- 
uridylate —> dihydrofolate + thymidylate (2)° 


Previous evidence that dihydrofolate is a product 
has been indirect, since it rested on: (1) balance 
studies which indicated that tetrahydrofolate is a 
substrate, and that it assumes the role of catalyst 
only under conditions where it is regenerated!'.*.* ; 
(2) isotope experiments in which it was shown that 
hydrogen isotope from tetrahydrofolate is incor- 
porated into the methyl group of thymidylate’. 

We have now obtained direct evidence that 
dihydrofolate is a product of the reaction by experi- 
ments with thymidylate synthetase purified 100-fold 
from sonic extracts of Streptococcus faecalis R. 
Dihydrofolic reductase purified 300-fold from S. 
faecalis R. was used to generate l.-tetrahydrofolate 
in the reaction mixture and the latter compound then 
reacted with formaldehyde to give methylene tetra- 
hydrofolate, which produced a characteristic absorp- 
tion spectrum. In the presence of the purified 
thymidylate synthetase (activity 10 moles of thym- 
idylate synthesized/hr./mgm. protein), addition of 
deoxyuridylate caused a spectrum change, the rate 
of which has been used to determine enzyme activity. 
On completion of the reaction the spectrum was that 
of dihydrofolate. The product with this spectrum 
was hydrogenated by reduced triphosphopyridine 
nucleotide in the presence of the highly specific 
dihydrofolic reductase and the reduction was in- 
hibited by aminopterin, which is a specific inhibitor 
of folie and dihydrofolic reductases. 

Friedkin and Kornberg postulated’ that in the 
thymidylate synthetase reaction deoxyuridylate and 
methylene tetrahydrofolate react to form an inter- 
mediate in which a methylene bridge links C*® of 
uracil to N* (or N**) of tetrahydrofolate. During 


the course of our work on the purification of thymidy]- 
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ate synthetase, none of the many fractionations ha 
resulted in even partial separation of activity into | 
the two different enzyme fractions which would be 
required to synthesize and cleave such an inter. 
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mediate. When the reaction was followed spectro. 9 where 
photometrically there was no indication of a chang, the ™ 
in reaction-rate of the kind to be expected if a, 9 concer 
intermediate accumulated in the reaction mixture. @ conce! 
Moreover, two well-defined isosbestic points wer @ bility 
observed for the spectrum change, indicating that @ right 
dihydrofolate was the only new species formed jn @ and RF 
significant amounts from methylene tetrahydrofolate. purpo' 
In isotope experiments we have generally used @ the us 
labelled glucose-6-phosphate-*H, glucose-6-phosphate § simila 
dehydrogenase and triphosphopyridine nucleotide to @ are re 
hydrogenate dihydrofolate in the presence of di. . 
hydrofolic reductase to yield lt-tetrahydrofolate--H, @ condit 
The hydrogen transfers proceeded to completion and @ tions ' 
the entire product was then allowed to react accord. 
ing to equations (1) and (2). The thymidylate formed } 
was degraded to thymine, which was isolated by 
paper chromatography. The specific activity of the 
thymine did not differ significantly from that of the 
hydrogen attached to carbon-1 of the glucose-6-phos- ]J where 
phate. The latter was estimated by forming § guxes 
glutamate-*H from the glucose-6-phosphate-*H in the [J and z, 
presence of appropriate enzymes and substrates. stead) 
When tritiated water and unlabelled reduced tri- 
phosphopyridine nucleotide were used in a similar | 
sequence of reactions the isolated thymine had only 
2 per cent of the specific activity of the water. These 
results are similar to those obtained by Friedkin? J The v 
with chemically synthesized dlt-tetrahydrofolate, | 
except that in our experiments the transfer of hydro- 
gen occurred without significant dilution, and confirm 
that one hydrogen of the thymine methyl group is 
derived from tetrahydrofolate. 
This evidence suggests that thymidylate synthetase 
is a single enzyme and that no intermediate of the 
type suggested by Friedkin and Kornberg’ accumu- 
lates in significant amounts, although its transitory The k 
formation on the enzyme surface would be consistent § 'U"ct! 
with the isotope results and other data. Eleme 
BarBarRa M. McDoveat* sae 
R. L. BLAKLEY 
Department of Biochemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra, A.C.T. 
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PHYSIOLOGY 
Derivation of an Equation for the Diffusion 
Potential Equat 
An equation for the potential across a membrane § he re 
arising from the steady-state diffusion of univalent § ound 
ions was derived by D. Goldman" under the assump- § ‘estec 
tions of a constant electric field and constant ionic § poten 
mobilities across the membrane. His equation may It s 
be written as? : satisf 
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- x Piz Cee + & Pi- Ci- 
Y’ RT In it i- ; 1 
PF SPO + iPr Cir (1) 
* 
where V is the electric potential on the right side of 


the membrane relative to the left side, Cj+ is the 
concentration of the ith positive ion, C;- is the 
concentration of the ith negative ion, P is the permea- 
bility of the membrane to an ion, r and | denote the 
right and left side of the membrane respectively, 
and R, 7’, and F have their usual meanings. It is the 
purpose of this communication to derive, without 
the use of the above two assumptions, an equation 
similar to equation (1) in which the permeabilities 
are replaced by unidirectional rate constants. 

H. H. Ussing* has shown under very general 
conditions without the use of the previous assump- 
tions that if an ion diffuses across a membrane : 


jj Ci FV 
¢ t = —_— » ss 
os exp( ) 


ji 
where ji and ji are the unidirectional diffusional 
fluxes from left to right and right to left respectively, 


~ 


ray 


and z; is the valence of the univalent ith ion. For 
B steady-state diffusion with no current : 
= % (ji — Ji) =0 (3) 
alli 
The unidirectional rate constants will be defined as : 
ky = Jt 
a Ci, 
(4) 
k;’ == Si 
Ci; 


The k’s need not be constant, but may actually be 
functions of the concentrations and electric potential. 
Elementary algebraic manipulation of equations (2), 
3), and (4) then yields the desired relationship : 























BP hind irene 
F d kis Cin + DRG Cir 
* 
(5) 
ae oe eee 
FF x kj Cir + & Ki- Ci- 
it i- 
When equation (1) is valid : 
km+ —_ | es -_ Pmt 
Ky k’ n+ Py 
(all m and n) (6) 
km aaa Kk’ me sit P m* 
} | Ps- 


Equation (6) yields an independent method in which 
he ratio of the permeabilities may be experimentally 
ound. Thus, this ratio may be experimentally 
ested for constancy as the concentrations and electric 
potential are altered. 

It should be noted that if equations (2) and (3) are 
atisfied for any sub-group of ions in the system, then 
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equation (5), in which the summation is only over this 
sub-group, will apply. Thus, for example, for sheep 
erythrocytes there is a one-to-one exchange of sodium 
for potassium ions through the active transport 
system‘. When there is no net movement of sodium 
or potassium ions across the membrane, equation 
(3) will be satisfied for these ions. Hence, letting 
a = kya+/kK 


RT 
F 


i 4 Na,;+ + K;* 


V = eee i 
« Na,+ + K,* 


(7) 





where / and 7 now stand for the outside and inside 
regions. Equation (7) has been discussed by A. 
Hodgkin® under the assumption that the « equalled 
Pya+/Px+ and was therefore a constant. 


Ciirrorp §S. PaTLAK 


Section on Theoretical Statistics and Mathematics, 
National Institute of Mental Health, 
National Institutes of Health, 

Bethesda, Maryland. 
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A New Anthelmintic for Canine 
Hookworm 


An earlier communication! reported the discovery 
of a new series of quaternary ammonium compounds 
possessing anthelmintic activity against a wide range 
of nematodes parasitic in the gastro-intestinal tract 
of mammals. The hydroxynaphthoate salt of one of 
these compounds (I; bephenium) has proved to be 
of considerable practical value in the treatment of 
hookworm and roundworm in man’, and in the 
prevention and treatment of nematodiriasis and 
parasitic gastro-enteritis caused by other tricho- 
strongylid nematodes of sheep*,* and cattle®,*. In 
addition, it has proved to be highly effective against 
hookworm in dogs’, with less effect against canine 
ascarids, but its introduction into veterinary usage 
has been severely hampered by its emetic properties 
in the dog (Rawes, D. A., and McIntyre, A., private 
communications). 


€>.0.1CH),.KMe,.CH,.< > 
I 


We now report a related series of compounds 
(II; R = 2-thienyl, A = H, Me, F, Cl, Br or NO,) 
which were all effective against our two original 
screening organisms, Nippostrongylus muris and 
Nematospiroides dubius. The related compounds 
(II; R = 2-furyl) were also prepared and tested but 
were of much less interest. 


<2° [CH,],.NMe,C.H,.R 


A 
lI 


One of these compounds (II; A =H, R = 2- 


thienyl), also known as 611055, has since been tested 
extensively in larger animals (as its p-chlorobenzene- 








946 


sulphonate). It has been shown to be highly effective 
against both natural and experimental infections of 
Ancylostoma caninum and Uncinaria stenocephala in 
the dog. Compared with bephenium hydroxy- 
naphthoate, 611055 was marginally more effective 
against these two hookworms but at effective thera- 


peutic dose-levels was only minimally emetic. 
Further experiments against natural infections 
suggested that 611C55 was also more effective 


against T'oxocara canis and Toxascaris leonina. In 
contrast, 611055 was substantially less effective than 
bephenium against some of the gastro-intestinal 
trichostrongyles in sheep. All these observations are 
of particular interest in the species/structure/activity 
complex, since salts of bephenium and 611055 were 
of equal activity against N. muris and N. dubius ; 
of the two, 611055 was more effective against Ascaris 
lumbricoides in vitro (L. G. Goodwin, private communi- 
cation) but they had similar and rather low activities 
against Aspiculuris tetraptera and Syphacia obvelata. 

In those countries where hookworm infection in 
the dog is widespread and presents serious problems, 
tetrachloroethylene is the drug used in standard 
treatment. While effective, it possesses serious toxic 
properties. The development of 611055 as an anti- 
hookworm drug for the dog is of considerable interest 
since it combines high efficiency with only mild 
emetic properties in this vomit-prone animal. Clinical 
trials with 611C55 against human hookworm infections 
are planned. 

R. B. Burrows 


Wellcome Research Laboratories, 


Tuckahoe, 
New York. 
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D. A. Rawess 
Wellcome Veterinary Research Station, 
Frant, 
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F. C. Copp 
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Beckenham, 
Kent. 
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Irreversible Elimination of Muscle Receptors 


NERVOUS activity is closely related to, and depend- 
ent on, the afferent inflow from peripheral receptors. 
In order to study the effect of decreased afferent 
inflow on spinal synaptic functions many experimental 
models have been suggested and investigated, but 
all these are open to criticism. De-afferentation by 
section of the dorsal roots proximally to the ganglion 
leads to degeneration of the central stump and 
corresponding synaptic endings in the spinal cord, 
thus causing changes which are not directly associ- 
ated with the elimination of afferent discharges from 
the periphery',*. Section of the dorsal roots distally 
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to the spinal ganglion* has a similar disadvantage. 
since it causes changes of the retrograde degeneratic, 
type in the spinal ganglion cells. Besides this, bot) 
these methods lead to the elimination of all modalities 
of sensitivity, so that they are not suitable fo 
investigations requiring the selective elimination of 
muscle afferent inflow. Bremer! attempted to elimin. 
ate muscle receptor discharges by novocain infiltration 
of the muscle ; but this is not a reliable method 
and besides it is not possible to maintain this fo, 
any period of time. Neither are experiment] 
procedures, such as tenotomy*, as yet sufficiently 
analysed to vouchsafe a solution in this direction, | 
During the study of the morphogenetic influence 
of the nervous system on the differentiation of 
muscle spindles in the rat, it was found that spindles 
begin to develop shortly before birth and cannot be 
considered as differentiated until 14 days after 
birth’,*. When the sciatic nerve is either sectioned or 
crushed at the beginning of their differentiation, at 
birth, for example, their development is arrested and 
spindles disintegrate within a few days. When 
re-innervation of the muscle occurs following crushing 
of the nerve, recovery of motor functions oceurs 
within 14 days; but spindles which had disinteg. 
rated during the denervation period do not differenti. 
ate again. Even five months after crushing the 
nerve, the muscles studied contained on the average 
0-5 spindles (Fig. 1); they were either completely 
devoid of spindles or contained an occasional single | 
spindle small in size and atypical in structure (Fig. 2), 
whereas control muscles contained 32-3 spindles. 
The presence of atypical spindles can .most probably 


40 





VOL. 188 
















H+ 4 





10 











a. = 


3. Number of muscle spindles in normal (white column) and 

re-innervated (black column) extensor digitorum longus 5 months 

after crushing the sciatic nerve in new-born rats (arithmetical 
mean of six animals + standard error) 
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Cross-sections of a normal muscle spindle from control 
extensor digitorum longus (C) and an atypical spindle from a 
re-innervated muscle (R) 5 months after crushing the sciatic 


Fig. 2. 


nerve at birth. Hematoxylin-eosin, x c. 133. EZ, sections from 

the equatorial zone; P, sections from the polar zones of each 

spindle. The scales on each side indicate the length of spindles 
computed from serial sections 


which had not disintegrated completely during the 
denervation period, and that the remnants were then 
re-innervated by the regenerating nerve fibres. As yet, 
only muscle spindles have been studied quantitatively, 
but tendon organs seem to behave in a similar way. 
Since normal differentiation of spindles is governed 
by afferent nerve fibres®,*, it was of obvious interest 
to find out whether in these animals afferent fibres 
have actually regenerated. For this reason muscle 
nerves were studied in rats after bilateral anterior 
thizotomy. It was found that even though the nerve 
fibre diameters were somewhat smaller than on the 
control side, yet there were as many as 75 per cent 





nd 


cal 








regenerated afferent nerve fibres on the re-innervated 
side. They branched and formed free endings in the 
re-innervated muscles. 

Pertinent data have also been obtained concerning 
the extrafusal muscle-fibres in re-innervated muscles, 
vhich were found to be even somewhat larger in 
liameter than those of the control muscle’. These 
-innervated muscles, however, lagged considerably 
%ehind control muscles so far as their weight was con- 
erned (38 per cent). It can thus be expected that the 
wumber of muscle fibres in the re-innervated muscles 
s reduced and probably also the number of motor 
teurons innervating these muscles*. Nevertheless, 
the remaining motor neurons, judging by the recovery 
of the muscle fibre diameter, seem to be functionally 
‘fficient. , 

Muscles without spindles may, after further 
inalysis, represent a suitable model for studying the 
limination of muscle proprioception when the 
ifferent endings deprived of special terminal struc- 
lures are functionally inactive. If free endings are 
itill found to react to muscle stretch, then differences 
n discharges from endings with and without special- 
zed end-organs could be investigated. Even the 
study of single atypical spindles might be of con- 
siderable interest since morphological and physio- 
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logical properties of a single known receptor could be 
correlated using this approach. 
J. ZELENA 
P. Hynix 


Institute of Physiology, 
Academy of Sciences, 
Prague. 
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Lucerne Saponin Fractionation and Bloat 


EvIpENCE has recently been presented that bloat 
on red clover is due primarily to the formation of 
stable foams due mainly to the clover cytoplasmic 
protein!. Even accepting this factor as an important 
one in the production of bloat on lucerne, variation 
in bloat potency of the herbage still cannot be 
accounted for in terms of protein differences'. Of 
course, extensive work in the United States on 
experimental bloat produced by lucerne saponins? 
still has to be taken into account when bloat factors 
are considered. 

Following the work of Shaw and Jackson® at 
Purdue, we examined the response of rat diaphragm 
respiration to the isolated saponins of lucerne. So 
far we have not found qualitative differences between 
lucerne saponins isolated from bloat-producing and 
non-bloat-producing herbage on the basis of this 
test, but inhibition increases with the amount of 
saponin added. Since it is considered® that inhibition, 
as measured by this in vitro test, differentiates 
between bloat-producing and non-bloat-producing 
herbage, quantitative levels of saponins in lucerne 
may be a factor; however, little seems to be known 
about the seasonal variation in lucerne saponin- 
levels. 

Previously, little chemical difference had been 
found between bloat-producing and non-bloat-pro- 
ducing herbage. Dried lucerne samples (kindly 
supplied by Dr. J. M. A. Tilley of the Grassland 
Research Station, Hurley) from bloat-producing and 
non-bloat-producing stands with no detectable differ- 
enee in protein-levels or cytoplasmic/chloroplastic 
protein ratios (Tilley, J. M. A., private communica- 
tion) had their saponins extracted and isolated by 
the cholesterol procedure of Thompson e¢ al.‘,5. The 
bulk triterpenoidal saponins were compared with 
those isolated from other lucerne, Aberystwyth® and 
Beltsville* (the latter kindly supplied by Dr. C. R. 
Thompson) by means of paper chromatography. One- 
dimensional ascending multiple development was 
used (ethyl acetate/acetic acid/water : 13/3/3 by 3; 
Whatman No. 3MM; 15hr.; 40cm. run; 30°C.) 
and the saponins were detected by a modified 
Liebermann-Burchard reagent*. Ten (and possibly 
twelve) constituent saponins were revealed by the 
improved methods of saponin fractionation—six 
were previously thought to be present’. 

Differences have been found in the saponin con- 
stituents with high Rr values between bloat- and non- 
blost-producing _ lucerne. The « blost-producing 
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lucerne contains an extra saponin (in low concen- 
tration) with the highest Rr. The constituent saponin 
with the next highest Rp is probably more abundant 
in bloat-producing lucerne than in non-bloat-pro- 
ducing samples. The other, ‘random’, lucerne 
saponin samples appear to correspond to those from 
the non-bloat-producing lucerne. 

One would conclude from this evidence that certain 
constituent saponins may be involved in the pro- 
duction of the complex condition known as bloat. 
As one would expect, herbage samples chosen at 
random are allied to the non-bloat producing samples. 

The saponin differences could possibly explain the 
transient nature of bloat potency of herbage. Certain 
saponin constituents acting in conjunction with 
foam-producing agents could provide the necessary 
conditions for bloat production. 

The history of bloat research should have taught 
us to view with suspicion any theory of single-factor 
causation of pasture bloat and it should also underline 
the need for a chemical and biochemical study of 
bloat which seriously entertains the possibility of a 
multi-factor causation. The trend appears to be in 
this direction'. 

We are grateful to Prof. Charles Evans for his 
interest, and we are indebted to the University College 
of North Wales for a postgraduate scholarship (T. D.) 
and the University of Wales for an Imperial Chemical 
Industries research fellowship (C. B. C.). 
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Effect of Reserpine on Heart 
Mitochondria 


RESERPINE has been shown to uncouple oxidative 
phosphorylation of brain and liver mitochondria 
in vitro'.*. In view of this, the effect of reserpine on 
heart mitochondria, in vivo and in vitro, and on the 
content of energy-rich phosphate compounds in 
heart muscle was studied. 

Cats and guinea pigs were used. The experimental 
and control animals were injected intraperitoneally 
with 5 mgm./kgm. of reserpine in an average of 1-2 
ml. of vehicle or with an equivalent volume of vehicle 
only, respectively. Twenty-four hours afterwards, 
the animals’ chests were opened under artificial 
respiration. An 18-gauge hypodermic needle was 
inserted into the left ventricular cavity and coupled 
to a Sanborn Twin-Viso recorder through a Statham 
pressure transducer for recording intraventricular 
pressure. After the recording, a sample of tissue was 
excised from the left ventricle and quickly plunged 
into liquid nitrogen. These frozen tissue samples 
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were saved for the analysis of catecholamine and 
energy-rich phosphate compounds. The right and 
left ventricles were then excised and homogenized 
for isolation of the mitochondria. The Phosphorys - 












oxygen ratios and response to the addition of phos. In V 
phate acceptor (hexokinase and glucose) of these adenos! 
mitochondria were studied by the methods utilize; {mq "™< 
previously by Lee et al.*. reserpL 








Epinephrine and norepinephrine in ventricles of methoc 
three control cats as determined by a spectrophoto. the w 
fluorometric method‘ averaged 0-18 and 1-48 ugm mitoch 
gm. of tissue respectively. Following the reserpini- level 
zation, the catecholamine content in three cats Was results 
decreased to 1-5 per cent of that found in contro} pound: 
animals, confirming the previous work®. A simila, 2°" | 
degree of depletion of the catecholamine content was explan 


also observed following the reserpinization of guinea menon 
the in 

















pigs. In addition, left ventricular systolic pressure 

and heart-rates of reserpinized cats and guinea pigs fq" 
were 25-36 per cent lower than those found in contro) M "@"® 
animals. In the examination of oxidative phosphory|. synthe 
ation, it was found that the phosphorus : oxygen jg ™P® 
ratios of mitochondria of reserpinized cats and guinea i °°™P* 
pigs were significantly depressed compared to the Mm "°*™ 
controls (Table 1). It is noteworthy that the Qo, of gj PT’P* 
reserpinized mitochondria is somewhat higher than which 
the control values. Since the Qo, response of mitochon. i '"° h 
dria to the addition of phosphate acceptor was found tricle 
to be dependent on the extent of coupling of oxidative [J 
phosphorylation®*, experiments were performed in | ventr 
which the oxygen consumption of mitochondria was § °°™P 
measured before and after the addition of phosphate | ‘es 
acceptor. The results are also shown in Table |. It § °° 
is apparent in cats that the Qo, of control mitochondria level 
is markedly increased by the addition of phosphate 
acceptor, whereas the Qo, of mitochondria from § ™ 
reserpinized cats show only a small increase following Ty 
the similar addition of phosphate acceptor. Similar § . en 
results were obtained with guinea pig mitochondria. } ser 
These results suggest that oxidative phosphorylation an 
is uncoupled in heart mitochondria of reserpinized J Adeno 
animals. In view of these observations, the effect of § 
reserpine, added in vitro, on the phosphorus : oxygen : 
ratio of heart mitochondria from normal cats was W 





studied. In these experiments, reserpine (final con- § Dr. | 
centration of 50 ugm./ml.) or vehicle only was added We 
to flasks containing normal mitochondria. It was @ Ph® 
found that phosphorus: oxygen ratios of normal § "°S¢! 
mitochondria with and without reserpine were 2-40 + TI 
0-09 (S.EZ.) and 3-12 40-08 (S.Z.) respectively. These _ 
ea 


results suggest that reserpine uncouples oxidative 
phosphorylation in cat heart mitochondria both in 
vitro and in vivo. In two experiments, in which 
reserpine was administered subcutaneously to guinea D 
pigs in a dose of 0-03 mgm./kgm. daily for 15 days, 


Ss 
Table 1. Tae Errect OF PRE-TREATMENT OF ANIMALS WITH RESER- 
PINE ON PHOSPHORUS: OXYGEN RATIO AND ACCEPTOR RESPONSE 
OF HEART MITOCHONDRIA 1 Abe 
Guinea pig experiments ( 
Type No. of P: O ratio Qo, + S.E. * Kir 
exp. + S.E. uwatom/mgm. pretein/hr. 
Control 17 3-11 + 0-08 8-17 + 1-08 * Lee 
Reserpine 10 2°39 + 0°05 12°54 +071 
4 Ro. 
Cat experiments . 
No. 0 ; ve 
Type exp. P:O ratio Qo, ‘ . 
Control 16 3-25 + 0-08 9-43 + 0-4 He 
Reserpine 9 2°34 + 0-20 11-89 + 0°50 - 
u 
Qo, without * Fy 
acceptor Qo, with acceptor 
Control 5 2:5440°5 8:16 +10 *W 
Reserpine 5 6-78 + 2-1 8-30 +29 








OL. 18g 


niN® and 
ight and 
Ogenized 
sPhorys . 
Of phos. 
Of these 
Utilized 





icles of 
rophoto. 


8 ugm. 


*Serpini 
‘ats Was 


contro] 
Similar 
Cnt was 
 Quinea 
pressure 
ea pigs 
contro] 
phory!. 
Oxygen 
| Zumea 
to the 
Qo, of 
r than 
ochon. 
} found 


idative | 
ned in 


ia was 
sphate 
1. It 
ondria 
sphate 
- from 
lowing 
similar 
mdria. 
‘lation 
nized 
fect of 
xygen 
S was 
1 con- 
added 
b was 
ormal 
404. 
These 
lative 
th in 
which 
uinea 
days, 


/ESER- 
PONSE 


in/hr. 


. 


or 






























December 10, 1960 


jeart mitochondria from these animals showed a 
jmilar uncoupling of oxidative phosphorylation. 
However, due to a limited number of experiments no 
jefnite conclusion can be drawn at present. 

In view of the above results, the contents of 
jdenosine triphosphate, phosphocreatine and _ in- 
organic phosphate of heart muscle in control and 
rserpinized cats were studied according to the 
methods of Furchgott and deGubareff’*. Although 
the uncoupling of oxidative phosphorylation in 
mitochondria might be expected to result in a lower 
evel of energy-rich phosphate compounds, the 
results in Table 2 show that contents of these com- 
pounds in hearts of reserpinized animals are unchanged 
when compared to control values. No satisfactory 
explanation is at present available for this pheno- 
menon. Two possibilities may be considered. First, 
the in vivo uncoupling effect of reserpine may not be 
pronounced enough to impair the synthesis of high- 
energy phosphate compounds. Secondly, if the 
synthesis of these compounds is assumed to be 
impaired, this impairment of synthesis may be 
compensated by the depressed utilization of them by 
heart muscle. It has been shown in the dog heart-lung 
preparation® that increasing the resistance against 
which the heart must work resulted in a decrease in 
the high-energy phosphate content of the left ven- 
trice. Therefore, the lower ventricular pressure and 
lower heart-rate of reserpinized cats, resulting in less 
ventricular work compared to those of control, may 
compensate, at least partially, for the decreased syn- 
thesis of high-energy phosphate compounds in 
reserpinized animals, thus maintaining the control- 
level of these compounds. 


No. 4754 


Table 2. EFFECT OF RESERPINIZATION ON THE CONTENT OF ATP, 
PC AND IP IN HEART MUSCLE OF CATS 

Type No. of exp. IP + S.E. PCiS.E. ATP iS.E. 

Control 4 2-52 +008 8-48 + 0-27 5-474 0-18 

Reserpine 5 3°83 + 0°57 961410 5-34 +025 


All values are expressed in wmole/gm. wet weight tissue. ATP, 
Adenosine triphosphate; IP, inorganic phosphate; PC, phospho- 
creatine. 


We acknowledge with thanks the assistance of 
Dr. S. M. Kirpekar for analysis of catecholamines. 
We also wish to thank Dr. A. J. Plummer of Ciba 
Pharmaceutical Products, Inc., for supplies of 
reserpine and vehicle. 
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identity of Haemoglobin A: 


At least two forms of adult hemoglobin are present 
in the blood of the normal human adult, a main 
component hemoglobin A, and a minor one hemo- 
globin A, (ref. 1). In normal individuals the concen- 
tration of hemoglobin A, is about 2-5 per cent of the 
total hemoglobin. In persons heterozygous for the 
Cooley gene, this amount is increased to a level of 
about 5 per cent. The A, fraction can be isolated from 
the main component by starch-block electrophoresis 
and by chromatography on carboxymethyl cellulose®. 
The presence of two hemoglobin A, fractions in some 
persons, belong ag to different generations of one 
family, makes it likely that the synthesis of hamo- 
globin A, is genetically determined*?. This led us to 
investigate whether there exist chemical differences 
between the main component, hemoglobin A, 
and hemoglobin A,, and to locate eventual differ- 
ences. 

We started with hemoglobin A, prepared from 
erythrocytes of a person with thalassemia minor, 
because of the higher hemoglobin A, concentration in 
the blood of carriers of the Cooley gene. In a later 
stage of the investigation also the hemoglobin A, 
of a normal person was investigated since the possi- 
bility of differences between these A, hemoglobins 
could not be excluded. 

The A, component was isolated and purified by 
chromatography on carboxymethyl cellulose using a 
pH gradient*. After tryptic digestion at pH 8-0 in a 
pH-stat of the heat-denatured protein, those peptides 
that are soluble at pH 6-5 were ‘fingerprinted’*. The 
resulting pattern showed differences in peptides 
numbered 26, 12 and 16 from the pattern of normal 
adult hzmoglobin*. By specific staining reactions for 
arginine and tyrosine an additional difference in the 
unresolved part of the neutral band of the ‘fingerprint’ 
could be visualized. The remaining part of the 
‘fingerprint’ was identical for hemoglobin A, and 
hemoglobin A,. 

The differences in spots 26 and 12 indicate that the 
differences are located in the 8-chain ; these peptides 
only being present in this chain. This, however, 
could not be said for peptide 16 and the difference in 
the neutral band, as it is known that these spots 
contain peptides which occur in both chains. In 
order to learn whether these differences are localized 
in the «- or B-chain, 100 mgm. of globin of hamoglobin 
A, was prepared with the use of the method of Anson 
and Mirsky*. The globin was separated into two 
fractions, one consisting of the «-, the other of §- 
chains, by chromatography on ‘Amberlite JRC 50’, 
using a urea gradient®. ‘Fingerprints’ of the first 
fractions of hemoglobin A, and hemoglobin A, 
consisting of «-chains appeared to be identical when 
stained with ninhydrin as well as when stained with 
special reagents on arginine-, histidine-, tyrosine-, 
tryptophan- and sulphur-containing peptides. 

All the differences mentioned above, however, 
could be visualized in the ‘fingerprints’ of the 6- 
chains (Fig. 1). With the ‘fingerprinting’ method 
no differences could be detected between the hemo- 
globin A, of a normal individual and the hemoglobin 
A, of a carrier of the Cooley gene. 

These results indicate that hemoglobin A,, like 
foetal hemoglobin, differs from adult hemoglobin in 
the §-chains and can be denoted by «,5.. The differ- 
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Following the use of therapeutic 
doses of phosphorus-32 we hay. 
found radioactivity in __ isolate 
platelet phosphatides three an 
four weeks following _ injection, 
Platelets were obtained by differen. 
tial centrifugation, using ethylene. 
diamine tetraacetic acid as the 


Q Os 








‘s @,. anticoagulant. Smears revealed 
QO; Es (+) little or no contamination with 
(") 15 . white blood cells. The phospha. 

A2 = tides were isolated using the Folch 

Ou ‘ Ovx 3 extraction procedure® and ascend. 
(\ ; 2 ing chromatography on glass fibre 

£ impregnated with silicic acid*, The 

@ 20 ios @s ; DS lipid spots were identified with 

by glectro- rhodamine 6G and _ ultra-violet 

Tr. dig. Fraction I Hb-Ay % Gig. Fraction B He-A2. fluorescence ; these spots were cut 

out, and their radioactivity was 

Fig. 1. Comparison of the 8-chains of hemoglobin A, and Ay. A, Arginine-; H, his- measured using a_ thin-window 
tidine-; SS, sulphur-; 7r, tryptophan-; and 7'y-, tyrosine-containing peptides Geiger tube. Phosphorus Was 


ences between the §-chain of hemoglobin A, and 
hemoglobin A, are, however, smaller than those 
between the $-chain of hemoglobin A, and that of 
foetal hemoglobin. 

We may conclude that in the human erythrocytes 
three hemoglobins are present, all three with the 
same «-chains, but with 8-chains that differ in several 
parts. 
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The Half-life of Human Platelet 
Phosphatide 


PLATELET life-span has been measured by incor- 
porating into the platelet a tracer compound and 
following its disappearance. The labels used have 
included radioactive phosphorus, as *P-ortho- 
phosphate and as **P-ditsopropy! fluorophosphonate, 
radioactive chromium, radioactive sulphur and radio- 
active carbon. Aas and Gardner! reported a life-span 
of 9-11 days using in vitro labelling with chromium-51. 
Leeksma and Cohen’ calculated a life-span of 8-9 
days using *P-diisopropyl fluorophosphonate in 
vivo. Both methods gave a calculated life-span that 
was longer than previous results had suggested and 
longer than the 14-3 day half-life for transfused 
**P-platelets reported by Adelson et al.*. These 
authors pointed out the hazards of using in vitro 
techniques and attempted to reduce platelet handling 
to a minimum. A longer pletelet life-span would 


explain more adequately the occurrence of a maximum 
depression of platelets at 
beings exposed to radiation‘. 


25-30 days in human 





determined by the Gomori method’, 
Analyses were performed simultaneously on platelets 
and ‘platelet poor’ plasma samples (centrifuged at 
approximately 1,0009). 

Table 1 presents the comparative results for plate. 
lets and plasma. It is evident that considerable radio. 
activity was present in platelets at the end of 21 days, 
and significant radioactivity was found at 28 days in 
patients Aregi and Whitehead (13 and 10 actual 
c./min. above background were found respectively, 
using 1,000 counts, with a background activity of 
17 c./min.). Activities of similar magnitudes were 
found in the phosphatidyl choline of both platelets 
and plasma. However, platelets consistently yielded 
significant amounts of phosphatidyl ethanolamine 
whereas only small amounts were found in plasma 
and not in every patient. This was also demonstrated 
in radioautograms of the chromatograms. 

The specific activities found are consistent with an 
exponential curve of disappearance, with a suggestive 
half-life of 10-13 days for platelet phosphatidyl 
choline. It should be emphasized that this is a figure 
for the phosphatide and not whole platelets. The data 
are not yet adequate to determine if there is a 
































Table 1. SPECIFIC ACTIVITIES OF PHOSPHORUS-32-LABELLED PHOS- 
PHATIDE EXPRESSED AS COUNTS/MIN./uGM. PHOSPHORUS, CORRECTED 
FOR DECAY 
| Plasma | Platelets 
Days after | Phosphatidy! 
__| Phosphorus-32 | | Lecithin n | Le Lecithin | ethanolamine 
‘Butts, 2 4 43 51 53 
| me, (62, ¥, 11 62 59 52 
thrombo- 18 46 
| cythemia 21 ; 41 | 36 
Whitel hitehez ad, 
2-5 me. (83, 7 100 68 40 
F.), chronic 21 23. | 27° 
lymphocytic 8 14 12 10 
Jeukemia | 
| Aregi,2-5 2-5 7 35 31 25 
me. (67, M.), 14 29 45 47 
polycyt- 21 22 24 15 
hemia 28 19 | 20 19 
Moore,2-0 | 
me. (60, F.), 7 36 30 35 
lympho- 14 21 19 20 
sarcoma 21 13 16 10 





° Mixed platelets and white blood cells. 

Analyses of platelet lecithin were 3 ~gm. phosphorus or greater. 
Plasma yields were considerably higher. Some of the analyses of 
platelet phosphatidyl ethanolamine were of the order of 2 “gm. 
phosphorus. 












NO. } 


jevellix 
rity. 
Our 
hesi8 
presen 
chat & 
nalf-lit 
probat 
the pl 
labelle 
time € 
the fa 
huma! 
“P-or 
has re 
the m: 
by tir 
“The 
plasm 
plasm 
tide n 
The a 
tides 
incub 
by Le 
Th 

is CO! 
phos 








* Ade 
S 


* Cro 
0 
C 
. Fol 
+ 
* Bro 
* Gor 
* Kin 
I 
* Lo 
1 
” Ro 
" Mo 
( 
it Flo 
( 











December 10, 1960 NATURE 


levelling off to a relatively constant level of acti- 
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injection present data in = sans — . > a Rewer J Ir is generally assumed that cesium deposited on 
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reveal , the phosphatides — a a we 2 The results of the experiments described here 
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3 wore Jesuits are compatible with this concept. ‘ clay in a model experiment, causing a maximum 
atelets The half-life of plasma phoaphatidy! choline varied activity at the top of the compact layer (Fig. 2). The 
ielded | ftom. approximately 9 to 27 days, using @ semi- relatively large activity at the bottom of a furrow 
amine | }ogarithmic plot of the specific activities. This too is gescribed by Herbst® could be caused by a retention 
lasma | °nsiderably longer than present turnover data in oF small particles carrying a large fraction of the 
trated | the literature indicates". This will be discussed in gagium-137 by the compact layer of clay just under 
more detail in a subsequent report. the ploughed layer. 
th on Further work is in progress. ; 
estive This work was supported by a grant (H4826) from pe. cesium-137/gm. 
stidy| | the National Heart Institute of the United States 0-10 0-20 
it Public Health Service and from the A. H. Robin: mee - 
figure Ho9,, Richmond, Vs. - Res 
is a CHartEes M. GrossMAN 
Atan M. MacEwan 
PHOS- JAMES DILLEY 
LECTED 
Department of Chemistry, 4 
University of Portland, Portland, 
tidy! Oregon. . 
nine 
4 ‘Aas, K. A., and Gardner, F. H., “Bibliotheca Haematologica”, 
Fasc. 7, Proc. Sixth Cong. Intern. Soc. Blood Transfusions, 364 424 
(S. Karger, Basel, 1958). 5 
lo Cc. H. W., and Cohen, J. A., J. Clin. Invest., 35, 964 = 
; Adelson, E., Rheingold, J. J., and Crosby, W. H., J. Lab. and Clin. g 
Med., 50, 570 (1957). J 
‘Cronkite, E. P., Bond, V. P., and Dunham, C. L., “Some Effects 
of Ionizing Radiation on Human Beings” (U.S. Atomic Energy 
Commission, 1956). . 
* Folch, J., Lees, M., and Sloane-Stanley, G. H., J. Biol. Chem., 226, 
497 (1957). 
* Brown, M., Yeadon, D. A., Goldblatt, L. A., and Dieckert, J. W.. . 
Anal, Chem., 29, 30 (1957). 
* Gomori, G., J. Lab. and Clin, Med., 27, 955 (1942). 10 J 
* Kinosita, R., “‘Biodynamics of Thrombopoiesis”, Intern. Symp. 
Blood Platelets (Henry Ford Hospital, March 17-19, 1960). 
* Lovelock, J. E., James, A. T., and Rowe, C. E., Biochem. J., 74, . 
137 (1960). 
— © Rouser, G., Amer. J. Clin. Nutr., 6, 681 (1958). j 
ater. F wenodsh W.. and Emerson, jun.. K., J. Cite, Bnvcet., 88, 1908 Fig. 1. Distribution of radiocesium, after surface ——— 
3 of * Florsheim, W. H., Shull, H. F., and Morton, M. E., J. with 0-10 ye./cm.*, in compact clay after 700 mm. water prec P- 
gm. Clin, Med., 48,' 902 (1956). hear pitas ne wep 0 coop aieenseer of — aca 














ye. cesium-137/gm. 


0-10 0-20 


s a i A ‘. ‘ . A . } 








reat 
. 





Depth (cm.) 





Fig. 2. The distribution of radiocesium in clay after 1,000 mm. 
precipitation. The layer from 0-5 cm. depth is crumbled clay, 
from 5-12 cm. depth the clay is compact 


When 1-gm. samples of a clay and a sand coniaining 
0-1 pe. cxesium-137 per gm. soil were shaken for 4 hr. 
with 2-5 ml. acetate buffer (pH 4-8) only 2 and 5 
per cent respectively of the cxsium-137 went in 
solution. This result might point to a small assimila- 
tion by the roots of plants. Indoor experiments on 
grass, growing on clay or sand containing 10 uc. 
cxesium-137/kgm., showed (in agreement with the 
results of Romney eé al.’ and Nishita et al.*) that 
only a few tenths of 1 per cent were actually assimil- 
ated in a peried of several months. Probably only 
the exchangeable fraction of the cx#sium-137 present 
in the near vicinity of the roots was assimilated. 

The assumption that the main route of contamina- 
tion of the biosphere is by foliar absorption was 
re-examined in experiments with cut grass. 
Thoroughly washed grass was held for 15 min. in 
solutions with cesium-137 in different concentra- 
tions. The results of measurements of the amount 
of absorbed cesium-137 indicate that from extremely 
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diluted solutions of cxsium-137 im water aboy 
30 per cent is fixed by the leaves in 15 min. Sing 
even washed grass still contains about 0-1 per cey 
(weight) of adhering soil particles a considerable part 
of the absorbed cxsium-137 might actually be boun 
to these particles. Natural grass contains ().9 
2 per cent silica originating ‘rom adhering soil’. 

Cows may ingest together with grass sgover,) 
hundred grams of top soil a day (private communic. 
tion by staff members of the University Veteringry 
X-ray Department). In Fig. 3 it is shown that with 
decreasing pH increasing amounts of cxsium.}37 
go in solution. In the omasum of the cow a pH of 
2-3 prevails, and this is sufficient to dissolve in } br. 
about 20 per cent of the cesium-137. Under suitable 
conditions, for example, prolonged drought or low 
cesium-137 activity of rain-water, soil could become 
of importance as a source of cesium-137 to the cow 
and possibly also to pigs and goats. It might be 
worth while to re-investigate available data for an 
evaluation of the relative importance of soil in the 
transport of czesium-137. 
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In vitro Uptake of lodine-13! by Salivary 
Glands, Stomach and Placenta 


Tue ability of the thyroid gland to accumulate 
iodide against a concentration gradient and to 
maintain a high gland/plasma concentration is well 
known. Recently it has been shown that in vitro 
uptake of iodine-131 by the lactating mammary 
tissue of the rat was 10—15 times that of liver, muscle 
or boiled mammary tissue, and uptake of iodine-131 
was increased to about twice the level observed in 
fresh mammary tissue by storage for 24 hr. in Ringer- 
phosphate at 7°C. and continued high for 25 days 
storage'. In the present experiments, in vitro uptake 
of iodine-131 by salivary glands, that is, sub- 
maxillary, parotid and sublingual ; different regions 
of stomach, that is, fundie and pyloric ; placente, 
that is, foetal and maternal; duodenum and liver 
of rat were studied by incubating the tissue at 
37° C. for 6 hr. in nutrient medium with pH 7:2 
and the effects of thiouracil, potassium thiocyanate, 
sodium cyanide, iodide and _ thyroid-stimulating 
hormone on uptake of iodine-131 by these tissues 
were also investigated. 

The T/M value (counts per minute per 100 mgm. 
tissue divided by counts per min. per 0-1 ml. medium) 
for uptake of iodine-131 by parotid gland was signifi- 
cantly higher when compared with that of sub- 
maxillary or sublingual glands. Slices from the fundic 
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re: ov ion of the stomach showed significantly higher 7’ /M 
1 nce @ glue for uptake of iodine-131 when compared with 
Per cen; a“ , lori i The difference 
rable slices from the pyloric region. e dif ; 
be — between the 7'/M values for uptake of iodine-131 
aing ro by slices from foetal and maternal placentz was not 
soil’,  (gsignificant. Slices of liver showed very low uptake of 
- ons iodine-131 and the T/M values for the fresh and 
ml ny hoiled tissues were practically the same. Addition of 
eter; ad thiouracil (0-02 mgm./ml.) to the medium resulted in 
that with a decrease in uptake of iodine 131 by salivary g 
-sium.|37 and stomach slices, but it had no effect on uptake of 
a pH of iodine-131 by placenta or liver. Potassium thio- 
e in } hr anate and sodium cyanide also caused a decrease in 
r Suitable uptake of iodine-131 by salivary glands and stomach, 
t or low iq but not in the case of placenta or liver. Addition of 
1 become thyroid-stimulating hormone (50-200 mgm./ml.) 
the cow mg te the medium containing tissue slices did not show 
might be i 22Y effect on uptake of iodine-131 by these tissues. 
@ for an Addition of large doses of penicillin (1,000 1.U./ml.) 
il in the jt the medium resulted in a decrease in T/M values 
for uptake of iodine-131 by salivary glands and 
. ¥ stomach slices. The results for 7'/M values for uptake 
Wux of iodine-131 by salivary glands and stomach of 
| mouse, dog and cow were similar to that for rat except 
Hthe difference between parotid and submaxillary 
] glands was not so marked as in the case of rat. 
Uptake of iodine-131 by placenta of mouse was 
similar to that of rat. In general, the results indicate 
that iodide concentration mechanism in the salivary 
adioactie | glands and stomach, but not in liver or placenta, 
appears to be similar to that of thyroid gland. 
n Nuclear 
M. Maqsoop 
E. P. REINEKE 
Department of Physiology and Pharmacology, 
Michigan State University, 
d Larson East Lansing. 
Rep. No. 'Maqsood, M., and Reineke, E. P., Fed. Proc., 19, 172 (1960). 
Tumours of the Small Intestine in Rats 
. after Intestinal X-Irradiation 
livary CERTAIN effects of X-irradiation of the exteriorized 
or in situ intestine of Sprague-Dawley rats were 
nulate § previously reported from these Laboratories'. In 
id to § view of the scarcity of information concerning the 
s well § occurrence of tumours after exposure of the intestine 
| vitro § to irradiation, survivors of that study, and their 
mary § controls were kept for further observation. This 
1uscle § communication reports the incidence of intestinal 
e-131 § tumours among 51 rats that were irradiated at an 
ed in @ age of 5 months and were killed between 9 and 30 
nger- § months later. All but seven experimental and two 
days § control animals were killed because of the presence 
stake § of tumours or other diseases. The nine rats were 
sub- § arbitrarily killed at an age of ten months at the 
gions § conclusion of the period of experimentation. 
ante, In the exposures of the exteriorized intestine, the 
liver § entire intestine except a portion of the duodenum 
6 at @ and the rectum was delivered through an incision in 
7:2 9 the abdominal wall for irradiation while the remainder 
uate, § of the body was protected by a lead shield. The 
iting § partial-body exposures were carried out through a 
sues @ window in a lead shield designed so that only the 
abdominal region was exposed. The L.D50 was about 
gm. 1,550 r. and the LD90 about 1,900 r. for both modes 
um) of exposure. 
nifi- The incidence of intestinal tumours in irradiated 
“4 and control groups is presented in Table 1. There 
idic 








the animals are grouped by exposure into doses 
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Table 1. INCIDENCE OF INTESTINAL TUMOURS 
Method of Dose range 
exposure (r.) Incidence Type of tumour 
Exteriorized 900-1,300 0 of 10 
o 1,500—1,900 5 of 18 3 mucinous carcinomas 
1 leiomyosarcoma 
1 lymphosarcoma 
Partial body 700-1,300 0 of 11 
1,500-—1,900 2 of 12 1 mucinous carcinoma 
1 leiomyosarcoma 
Control 0 of 25 




















below the LD50 and those at or above the LD50. 
The number of survivors at high levels was necessarily 
small. All intestinal tumours occurred in the small 
intestine, the region of principal histological damage. 
The earliest tumour was observed at 9-5 months. 

The incidence of malignant intestinal tumours is 
lower and the tumour development later than that 
reported by Osborne*. However, the radiation 
exposures cited here were predominantly in the 
mid-lethal range in contrast to the uniformly lethal 
dose-range employed by Osborne, who obtained 
survival by clamping the superior mesenteric artery 
and vein during exposure. Tumour development 
in this experiment was confined to the mid-lethal 
and higher dose-range, for which substantial acute 
intestinal damage was previously demonstrated 
histologically!. The results presented here are 
compatible with a dose-dependent carcinogenic effect 
of X-irradiation on the small intestine of the rat. 

We gratefully acknowledge the technical assistance 
of Alma L. Crosby and Glenda 8S. Vogt. 

This work was performed under Contract No. 
AT (45-1)-1350 between the Atomic Energy Com- 
mission and the General Electric Company. 


S. Marks 
M. F. Sutirvan 
Biology Operation, 
Hanford Laboratories, 
General Electric Company, 
Richland, Washington. 


+ Sullivan, M. F., Marks, S., Hackett, P. L., and Thompson, R. C., 
Rad, Res., 11, 653 (1959). 

2 a W., Nicholson, D. P., and Solem, R., Rad. Res., 12, 460 
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Fine Structure of the Neurosecretory 
System in Lepidoptera 


THE following is a short account of an electron 
microscope study of neurosecretory cells found in 
three lepidopterous insects, Bombyx mori, Philosamia 
cynthia ricint and Papilio xuthus. I believe I may 
have succeeded in observing early stages in the 
formation of secretory granules in the perikarya of 
neurosecretory cells of the intercerebralis. 

The brain-cardiaca-allata complexes were taken 
from mature larve and fixed in 1 per cent osmium 
tetroxide adjusted with phosphate buffer to pH 7 -0— 
7-4. The tissue was then embedded in methyl 
methacrylate and n-butyl methacrylate in the 
proportions 1 : 3. 

Mitochondria, Golgi apparatus and the endo- 
plasmic reticulum are commonly present as in 
neurones in general. The most striking feature 
frequently encountered is the appearance of fine, 
elliptical, electron-dense granules (Fig. 1, g). These 
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Fig. 1. Elemental granule (g), near Golgi apparatus (G@) in the 
neurosecretory cells of intercerebralis (Philosamia). Note the 
mitochondria (m). (x 44,160) 


Electron micrograph. 
granules are relatively uniform in size, each being 
900-2800 (1500 on average) across their 
longest axis. These granules may be equivalent to 
the elemental granules'-* described in the neuro- 
secretory system of vertebrates. They are either 
neurosecretory material or a substance intimately 
associated with it. They appear in crowds in the 
peripheral part of the cell and some are aggregated 
into giant granules. it is highly probable that the 
giant granules coincide with the secretory granules of 
high refractive index seen under the light micro- 
scope. 
Those cells which possess few of these granules 
usually contain in their place many well-defined 
membranes of the endoplasmic reticulum. Since the 
secretory granules are frequently encountered within 
the Golgi zone, it seems possible that granule- 
formation occurs in close relation to the Golgi 
apparatus (@). Moreover, as shown in Fig. 1, the 
mitochondria which occur near the Golgi apparatus 
are constricted in such a way as to form strings of 
elliptical-shaped bodies (m). The cristz in these 
bodies are more numerous than in the mitochondria 
seen in other parts of the cell. Some distance away 
from the Golgi apparatus the mitochondria appear to 
fragment and their parts (that is, the elliptical- 
shaped bodies) become scattered among the electron- 
dense granules already referred to. Gradations can 
be seen between the elliptical-shaped bodies and the 
more dense bodies which lack criste. These observa- 
tions seem to favour the view that the «lemental 
granules may originate from mitochondria which 
receive some material from the Golgi zone, as has been 
suggested for zymogen granules of the mouse pan- 
creas‘. The elemental granules in the perikarya of 
neurosecretory cells of the inter-cerebralis are 
transferred via axons into cardiaca and allata. 


JUNKO NISHITTSUTSUJI-UWO 


Zoological Institute, 
College of Science, 
University of Kyoto. 


‘Bargmann, W., Zweites Int. Symp. Neurosekretion, Lund, 1957 


(Springer, Berlin—Géttingen—Heidelberg, 1958). 
* Fujita, H., Arch. Hist. Jap., 12, 165 (1957). 
*Sano, Y., and Knoop, A., Z. Zeliforsch., 49, 464 (1959). 
*Challice, C. EB., and Lacy, D., Nature, 174, 1150 (1954). 
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Day-Length as a Factor affecting the 
Variation of Chenopodium spp. in Britain, 


Cummrinca! has recently reported from the genus 
Chenopodium the existence of precociously repro. 
ductive individuals induced by short photoperiod: 
This communication is concerned with similar 
observations made during 1955 and 1956 on (j 
album L. and Ch. polyspermum L. These results wor 
obtained during an experimental investigation into 
the variation pattern and cytotaxonomy of Cheng. 
podium in Britain, further details of which are being 
published elsewhere. 5 

Previously, Khlebnikova*, Potapenko’, Fuller ang 
Wahl* had shown that many species of the genus 
Chenopodium were photoperiodically short-day with 
or without a critical day-length. In addition, Wahj 
suggested that the day-length factor may be of 
significance in experimental taxonomy when he 
showed that the form of the mature phenotype in 
Ch. bushianum Aell. and Ch. missouriense Aell., in the 
United States, depended on the average day. 
length a plant received during maturation, and 
hence on its date of germination. 

Independently, I had observed a similar, tho 
more complex, situation in Britain. Both Ch. album 
and Ch. polyspermum are similar in 
parallel intraspecific variation patterns. This intra. 
specific polymorphism involves a range of biotypes 
which form at one extreme of the continuum in. 
dividuals which are predominantly vegetative with 
‘spicate’ inflorescences, while at the other extreme 
plants are largely reproductive with ‘cymose’ inflores- 
cences. The morphological extremes of this con. 
tinuum have in the past been given taxonomic 
status of one form or another®-!*. Some of these taxa 
are shown in Table 1. 
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Table 1 
Inflorescence largely spicate 
Ch. album: f. spicatum (Koch) Aellen 
v. candicans (Lam.) Syme uct. (non L.) 
: v. incanum Moq.-Tand. V. concatenatum Moq.-Tand. 
Ch. polyspermum v. acutifolium(Sm.) Gaud, v. obtusifolium Gand. 


Inflorescence largely eymose 
. =r (Koch) Aellen 


Both genetic and environmental variables (for 
example, temperature and day-length) are now 
known to be responsible for this polymorphism, and 
experiments under glass and in the field have eluci- 
dated some of the problems involved. It has been 
found, for example, that nearly all spicate biotypes 
of Ch. album, germinating in the field in southern 
England after the beginning of August (day-length 
about 15 hr. and deereasing), produce markedly 
cymose phenotypes which exactly phenocopy those 
biotypes which are less flexible and remain cymose 
under all conditions, Similarly, if seed from Ch. 
polyspermum v. acutifolium, which normally develops 
& vegetative, spicate phenotype when germinating in 
the spring, commences growth in the open after the 
third week in July (day-length about 15} hr. and 
decreasing) it will mature into the cymose type, which 
is usually described as v. obtusifoliwm. 

Fig. 1 shows a plastocline of Ch. polyspermum. 
This plastocline was produced experimentally by 
planting this species in a heated greenhouse (c. 25°C.) 


at intervals of three weeks during the spring and early 


summer of 1956. Thus the various treatments com- 
prised differing and increasing day-lengths. As 
illustrated, the form of the inflorescence and the leaf- 
shape progressively change as the length of day 
increases. Those plants receiving an average day- 
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6 on Ch. 
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ation on o>; 9 
Of Cheno. i 
are being aa’ 
uller* ang 
he genus 
day with " 
on, Wahi 
Ay be of 
when he 
L0type in 
Ul. » in the Fig. 1. A day-length plastocline of Ch. polyspermum L. (P1-P6 v. obtusifolium Gaud.; P7-P10 v. acutifolium (Sm.) Gaud. The 
Ze day. day-lengths given below represent the average photoperiod (in hr.) received by each treatment : P1,11-00; P2,11°35; P38, 
ion, and 12-00; P5, 13-10; P6, 14°25; P7,14°50; P8,15°17; P9, 15-27; P10, 16-00 
» though Hiength (as calculated from germination to visible Most of the experimental results were obtained at 
h. album inflorescence initiation) of less than 13} hr. at 25°C. the University of Southampton during the tenure of a 
J were more or less exact phenocopies of Ch. poly- Department of Scientific and Industrial Research 
‘is intra. |] spermum v. obtusifolium. As the day-length increased maintenance award. 
biotypes J 80 the plants became more vegetative, their leaves Martin J. Cour 
uum in. | more acute, and the inflorescences less cymose until, 
ive with | im average day-lengths exceeding 15} hr., the treated Department of Botany, 
extreme § plants became indistinguishable from v. acutifolium. te ! College, 
inflores. | A similar day-length plastocline of Ch. album was not Ibadan, Nigeria. 
his con. | obtained under the same conditions since the high ‘Cumming, B. G., Nature, 184, 1044 (1959). 
<onomie | temperature prevented normal growth in this species. _* Khlebnikova, N. A., and Moskovetz, K. G., C.R. Acad. Sei., U.R.S.S. 
se taxa | However, a comparable plastocline was obtained by , Potapeako. AE. a pred wy Ay = pogo (1945), from 
planting Ch. album in the open at monthly intervals Biol. Abstr.. 20, 13934 (1946). 
from July until October. ‘Fuller, H. J., Amer. J. Bot., 36, 175 (1949). 
While cymose individuals of Ch. album, which owe  ‘* Wahi, H., Bartonia, 27, 1 (1953). 
eymose their predominantly reproductive habit to naturally er, A., “Chenopodearum Monographica Enumeratio” 
+! fellen 7 occurring short-days (short-day plastodemes) and 1 Syme, J. T., English Botany, 8 (1868). 
>a and not to the inflexible expression of their genotypes ‘Smith, J. E., “Flora Brittannica”, 1 (1800). 
lend. (cymose genodemes), are reasonably widespread in ° Gaudin, J. P., “Flora Helvetia”, 2, 259 (1828). 
Nature after the middle of August, at least in southern ** Aellen, P., and Just, Th., Amer. Midl, Nat., 30, 47 (1943). 
BS (for England, similarly naturally occurring populations 11 Waddington, C. H., ““The Strategy of Genes” (London, 1957 
A pes of Ch. polyspermum have been observed in Britain 
» 4nd § only where thi t 8 as 7 
> eluci- en on so. tx pe pont Se Lepidoteuthis grimaldii—a Squid with Scales 
8 been § short-day, cymose, plastodemes of Ch. polyspermum In August 1959, I eollected the stomach contents 
otypes § in the open is almost certainly due to the higher of a sperm whale caught off Madeira and flensed at 
uthern § temperature requirements of this species, which the whaling station at Canical in Madeira. These 
length ff occurs as a native only in southern England and finds included three heads and four mantles of squids 
rkedly & its greatest development in warmer areas. Where belonging to the genus Lepidoteuthis. The squids of 
those & short -day cymose phenocopies were produced experi- the only known species in the genus are characterized 
ymose @ mentally, in the field in this species, fuli inflorescence by having a covering of ‘scales’ on the mantle. 
n Ch. claboration was not completed owing to the pre- Joubin in 1895 first noted this unusual feature in his 
velops § vailing low temperatures in October. In warmer description of Lepidoteuthis grimaldii Joubin. The 
ing in § climates, however, particularly in southern Europe description was based on two mantles from a 
er the # and parts of the United States, the interaction of sperm whale’s stomach and a fragment from the 
- and § day-length and biotype and the resultant phenotypic stomach of a Risso’s dolphin (Grampus griseus). 
which J distributions should prove worthy of further study. These animals were caught off the Azores. Lénnberg! 
In conclusion, attention is directed to the hetero- regarded Joubin’s description of scales with some 
mum. @ geneous reaction of the spicate genodemes of Ch. scepticism, and considered that the structures referred 
y. by ff album to autumnal short-days, in that not all the to were the same as those he had described as papill 
5°C.) spicate biotypes do become cymose. In view of this, in Moroteuthis ingens (E. A. Smith, 1891). Later, 
early § and in view of the phenocopying phenomena, it is Joubin? gave a more detailed description of the 
com- § conceivable that the origin of the inflexible cymose material in his possession. No further records of this 
As f| genodeme can be explained in terms of Waddington’s species were made until Rees and Maul* noted it in 
leaf- “genetic assimilation’. It is hoped that further the fauna of Madeira. Mr. G. E. Maul, of Funchal 
day experiments planned will add to our knowledge of Museum, saw two specimens of this species in the 
day- J this process in plants. stomach contents of sperm whales caught off Madeira 




















Table 1. MEASUREMENTS IN CM. 


Joubin’s 
Present specimens specimens 
Dorsal mantle, length 88-6 69-0 75-3 62-0 =e total 72-0 
ength) 
Ventral mantle, length 83-6 64-7 70-4 57-8 
Maximum mantle width 24-1 19-7 19-5 21-5 25-0 24-0 
Fin, length 38-0 33-0 32-0 28-0 42-0 32-0 
Fin, width 40°5 28-2 26-5 23-4 40-0 36-0 
‘Tail’ behind fins 50 50 60 50 
End of 1-7 +. 
beyond body 18 30 42 3-3 
Maximum width of scales 1:0 0-9 0-8 0-8 


and one which was vomited by another whale killed 
in the same locality between 1952 and 19544. He 
was also able to collect a complete specimen. Dr. R. 
Clarke* saw the mantle of a specimen, again in the 
stomach of a sperm whale caught off the Azores and 
processed at San Miguel. 

Thus, the present record is the fourth published 
and only the second to include the head, which has 
not yet been described. 

The ‘scales’ of these specimens are rather softer 
than those usually forming the external protection of 
fish, although, as suggested by Joubin in 1895, they 
resemble ganoid scales in general appearance. It is 
perhaps pertinent to mention that they seem to have 
become rather softer since being preserved in formalin, 
and my recollection of the fresh condition is of rather 
‘horny’ structures. Those on the posterior of the 
mantle lie side by side but there is some overlapping 
in the anterior (oral) region of the mantle. 

There is no reason for supposing that these newly 
found specimens belong to a different species from 
that described by Joubin. 

With regard to the past controversy over the use 
of the word ‘scales’ when referring to the structures 
in Lepidoteuthis, I have examined the papille of 





Fig. 1. Ventral view of mantle of Lepidoteuthis grimaldii Joubin 
1895 
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Moroteuthis ingens (Smith, 1891) in several Specimens 
collected from the stomachs of sperm whales and in 
their general appearance they are quite differen; 
from the ‘scales’ in these Lepidoteuthis specimens, 

According to the Concise Oxford Dictionary the 
term ‘scale’ includes “plate of thin outer piece with 
some resemblance to fish scale in organic or other 
object” as well as the narrower meaning of “ong of 
the thin horny overlapping plates protecting the skin 
of many fishes and reptiles”. Thus, the term cover, 
the condition found in Lepidoteuthis, but seems 
inapplicable to that found in Moroteuthis. 

d’Orbigny® described the mantle of Onychoteuthis 
dussumiert d’Orbigny 1839 as being “‘finement 
chagrinee”. This was discussed by Adam and 
sounds rather similar to the ‘papillx’ described by 
him in Pholidoteuthis boschmai Adam, 1950, and to 
the “‘scale like plates” described by Voss’ in Pholido. 
teuthis adami Voss, 1956. 
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Fig. 2. Close up of ‘scales’ of Lepidoteuthis grimaldii Joubin 13895. 
Scale in cm. 


These structures seem quite similar to those found 
in Lepidoteuthis, but are only about one-tenth of 
the size. 

Voss* also described Thysanoteuthis rhombus as 
being ‘scaled’, but he adopted the term from previous 
literature (notably d’Orbigny*) which seems to be 
misleading. Specimens of this species in the Dis- 
covery Collections have no sign of structures which 
could be described as ‘scales’. 

A study of the relationships of Lepidoteuthis should 
prove of great interest, and a full description of the 
squid will shortly be published in conjunction with 
Mr. Maul. 

I am indebted to Mr. A. Madgwick for the 
photographs. 

Matcotm R. CLARKE 
National Institute of Oceanography, 
Wormley, Near Godalming. 
1 Lonnberg, E., ““Wiss Ergebn. Schwed. Exped. Magell 1895-1897". 
2 (Stockholm, 1898). 
2 Joubin, L., Résult. Camp. Sci. Monaco, 17, 70 (1900). 
* Rees, W. J., and Maul, G. E., Bull, Brit. Mus. (Nat. Hist.), 3, 257 
(1956). 
‘Clarke, R., “Discovery Report’’, 28, 237 (1956). 
* d’Orbigny, A., in Férussac, A., and d’Orbigny, A., “Histoire naturelle 
générale et particuli¢re des Céphalopodes acétabuliféres vivant 
et fossiles” (Paris, 1835-1849). 
* Adam, W., Verh. Akad, Wet. Amst., 53, (10), 1 (1950). 
* Voss, G. L., Bull. Marine Sci. of the Gulf and Caribbean, 6 (2), 85 

(1956). 


* Voss, G. L., “Sea Frontiers”, 5, (3), 134 (1959). 
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Origin of Angiosperms 


Pror. T. M. Harris, in his recent presidential address 
1 Section K (Botany) of the British Association’, 
ias directed attention to the successive failure of 
sttempts to find fossils which appear to be ancestors 
of the Angiosperms. He makes a plea for more 
intensive study of Angiosperm-like fossils from rocks 
of the Triassic, Jurassic and Lower Cretaceous periods, 
in the confident hope that some will be found to be 
the early Angiosperms that have eluded search for 
o long. I suggest that this search for the fore- 
runners of the Angiosperms might more profitably 
be directed towards gymnospermous plants occurring 
in the Middle Cretaceous period immediately before 
the first appearance of Angiosperms. In my opinion 
the origin of Angiosperms may have been so sudden 
and their early evolutionary change so rapid that 
there is little likelihood of early Angiosperms having 
been preserved as fossils. 

Ten years ago I suggested* that the origin of the 
Angiosperms could be related to the occurrence of 
nultiple-allele incompatibility between the pollen 
and diploid tissue surrounding the ovules. Recently, 
this hypothesis has received striking support from the 
work of Lewis and Crowe*, who have made reciprocal 
crosses between self-compatible and_ self-incom- 
patible species, and have shown, not only that the 
nultiple-allele incompatibility in various Angiosperm 
families is of ancient origin within those families, but 
also that in the Solanaceae and Scrophulariaceae the 
incompatibility must have arisen before these families 
diverged from one another. In view of these findings, 
I believe that the abrupt origin of angiospermy, 
following on the evolution of this type of incom- 
patibility, is a very real possibility. The sudden 
appearance of Angiosperms in the fossil record at a 
time when “no other stirring event occurred in the 
world”, to quote Prof. Harris', would then be 
explained. 

If this hypothesis is correct, it would follow that 
the Angiosperms originated immediately prior to their 
appearance in the fossil record, and that they arose 
from a single species in which this incompatibility 
had developed. Moreover, the change from gymno- 
yermy to angiospermy would probably have been 
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ibrupt. Prior to the evolution of incompatibility, 
nutations which prevented direct access of the pollen 
i the ovules would be disadvantageous, owing to the 
eater likelihood of failure of the pollen to bring about 
ertilization, and the lack of any compensating advan- 
ages. However, once multiple-allele incompatibility 
lad appeared, such mutations would be strongly 
avoured, since self-pollen would thereby be excluded 
rom fertilization, while all but a minute fraction of 
ross-pollen would not. It is unlikely that fossils 
xist of this particular species in which it is presumed 
hat the incompatibility evolved and the transition 
0 angiospermy occurred. Hence, transitional forms 
nay never be found. However, the family or order 
f Gymnosperms containing this hypothetical species 
night well be represented among fossils from just 
efore the rise of the Angiosperms. This family 
vould presumably be expected to show some of the 
tharacteristics of Angiosperms, such as the peculiari- 
ties of stamen construction, but nevertheless be 
symnospermous in reproduction. Thus, in my 
pinion, the best hope of finding recognizable 
ancestors of the Angiosperms lies in a study of fossil 
Gymnosperms in the Middle Cretaceous period, 
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just antecedent to the appearance of the Angio- 
sperms. 


H. L. K. Wurrenovuse 


Botany School, 
University of Cambridge. 


* Harris, T. M., Advance, Sei., 17, 207 (1960). 
* Whitehouse, H. L. K., Ann. Bot., N.S., 14, 199 (1950). 
* Lewis, D., and Crowe, L. K., Heredity, 12, 233 (1958). 


Nature of the Resistance of Oat 
Varieties to Races of Oat Stem Rust 


WHETHER resistance of a given variety of plant to 
a given race of rust is based on a nutritional mechan- 
ism or on an inhibitory one seems still to be a debat- 
able point. For example, is resistance due (a) to the 
inability of the rust fungus to obtain from the resis- 
tant host all the chemical precursors necessary for 
adequate nutrition, or is resistance due (b) to the 
presence of substances in and natural to the host or 
of substances arising from the interaction of the host 
and pathogen that directly or indirectly result in the 
inhibition of the pathogen? The observations 
recorded here contribute somewhat to the elucidation 
of the mechanism of resistance. 

In the following experiments, the plant host com- 
prises varieties of oats (Avena sativa L.) and the 
pathogen races of oat stem rust (Puccinia graminis 
Pers. f.sp. avenae Erikss. and Henn.). The ‘leaf 
sandwich’ technique designed and used in this work 
was a modification of a ‘tissue transplant’ technique 
described by Sharp and Emge’. 

The sandwiches were of three types: (a) a leaf 
from each of two susceptible (S) plants ; (6) a leaf 
from a susceptible and from a resistant (R) plant ; 
(c) a leaf from each of two resistant plants. To 
prepare a leaf sandwich, a strip of epidermis (2—3 cm. 
long) was removed from the under surface of each 
leaf. The exposed mesophyll tissue was bathed in 
0-5 per cent water agar to prevent drying of the cells 
and to act as an adhesive when the two under-surfaces 
of the leaves were brought together. The margins 
of the two leaves were then cemented together with 
paraffin wax. One member of the leaf sandwich, the 
donor leaf, was inoculated with the uredospores of a 
given race of the rust. Once the rust mycelium was 
established in the donor leaf, it advanced in the 
region where the epidermis had been removed, 
through the thin layer of agar separating the two 
leaves, and entered the exposed mesophyll of the 
uninoculated (receiver) leaf. 

The bridging of the rust mycelium from a donor 
S-leaf to a receiver S-leaf resulted in a susceptible 
type of infection on both leaves. Bridging from a 
donor S-leaf to a receiver R-leaf, or vice versa, gave 
rise, respectively, to a resistant or a susceptible type 
of infection on the receiver leaf. Bridging from a 
donor R-leaf to a receiver R-leaf resulted in a resistant 
type of infection on both leaves. The several results 
are illustrated in Fig. 1. In the scores of leaf sand- 
wiches made by using the host variety combination 
Markton (S) and Rodney (R) and race 6 (Fig. 1), 
Markton (S) and Ajax (R) and race 7A, Markton (S) 
and Lanark (R) and race 8A, and Markton (S) and 
C.I. 4023 (R) and race 13A, the infection type was 
never found to differ from the standard reaction of 
the particular variety concerned. 
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R— 8 


Fig. 1. Four different ‘leaf sandwiches’ showing the development 

of rust mycelium in donor leaves (left) inoculated with uredospores 

of race 6 and receiver leaves (right) invaded by the outgrowth 

of mycelium from the under surface of donor leaves. Susceptible 
leaf (S) = Markton ; resistant leaf (R) = ney 


The following evidence demonstrates that the 
failure of the R-leaf to show any trend toward a 


susceptible reaction is not due to the inability of 


the mycelium in the S-leaf to transport ‘food mater- 
ials’ to its more remote hyphal extremities in the 
R-leaf. When the epidermis of a donor leaf was 
removed and the leaf merely maintained in an 
atmosphere of air saturated with water vapour, 
masses of aerial mycelium developed on the exposed 
under surface. This aerial mycelium received its 
nourishment from the mycelium living in association 
with the cells of the host leaf. Again, when a sandwich 
was made of a donor S-leaf carrying the radioactive 
tracer phosphorus-32 and a receiver R-leaf free from 
the tracer element, some of the phosphorus-32 
passed through the mycelial bridge from the S-leaf 
to the R-leaf. The radioactivity in the R-leaf was 
concentrated at the site of the infection, though a low 
level of activity occurred in the immediate peripheral 
host tissue. In this experiment, the two leaf com- 
ponents were kept entirely separate from each other 
by means of a strip of plastic (0-5 mm. thick) except 
for a small opening (3 mm. diameter) in the plastic 
opposite the point inoculated on the donor S-leaf. 
In the absence of mycelium (uninoculated control), 
phosphorus-32 did not pass from the donor S-leaf 
to the receiver R-leaf. These results indicate that the 


mycelium in the S-leaf was able to support its mass 
extension beyond the confines of the leaf tissue itself 
and that, indeed, nutrient materials do pass over the 
mycelial bridge from the mycelium of the susceptible 
leaf to its more distant extension in the resistant leaf. 
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If resistance is due to a deficiency or an inadequate 
availability of the growth medium in the F-leaf, the 
mycelium in this leaf should be able, via the myceliyn, 
bridge, to supplement its local food supply from th 
mycelium in the S-leaf. Granted that the supplemen; 
received may not be entirely adequate to change the 
infection type from resistant to susceptible, yet jt 
might reasonably be expected to shift the reaction 
somewhat in that direction. No such shift has beep, 
observed to occur, at least within the time interygj 
of these experiments (14 days after inoculation), 
Resistance in the oat plant seems, therefore, yo} 
attributable to the failure of a resistant plant to 
supply the factors necessary for the growth of the 
rust pathogen, but rather to some specific type of 
inhibition, the nature of which has not been agcep. 
tained. The inhibitory mechanism seems not to be 
operative beyond the resistant tissue because the 
mycelium is capable of migrating from this tissue to 
a receiver S-leaf and of growing vigorously in it, 
This fact suggests that the inhibition arises from the 
interaction of the rust mycelium and the host cells, 
Details of this work will be published elsewhere. 

Grateful acknowledgment is extended to : Dr. H. A. 
Senn, director, Plant Research Institute, for providing 
growth room and laboratory facilities ; and to Mrs. 
G. Shaw for technical assistance. 


VERNON D. Burrows 


Genetics and Plant Breeding Research Institute, 
Research Branch, Canada Agriculture, 
Ottawa, Ontario. 


*Sharp, E. L., and Emge, R. G., Phytopath., 48, 696 (1958). 


ENTOMOLOGY 


Facultative Parthenogenesis in Collembola 
(Insecta) 


PARTHENOGENESIS in insects is well known, and its 
occurrence in the class is fairly widespread. In the 
order Collembola (the springtails) its presence has 
been suggested on rather disputable grounds and 
then afterwards denied on more than one occasion’. 
Choudhuri gave the first real proof of the phenomenon 
within the order when he described? a new species of 
Collembola (Onychiurus parthenogeneticus). He was 
able to study this species not only by examination of 
museum material from Europe and Africa but also by 
observations on specimens maintained in culture for 
more than two years. No males of this species were 
ever seen by him. In all, some forty species of the 
genus were examined by Choudhuri, and this was the 
only species in which no males were found. This led 
to the assumption that the phenomenon may be 
rather rare in Collembola. Gisin*® placed O. partheno- 
geneticus as @ junior synonym of O. hortensis Gisin, 
1949, and stated that “‘die Kolonien offenbar meist aus 
lauter Weibschen bestehen”’. This synonymy is not 
upheld by Choudhuri and Goto (in the press), but the 
two species are obviously very close. The suggestion 
that at least some males are present in Gisin’s species 
indicates that facultative parthenogenesis might 
possibly occur in certain circumstances in 
Collembola. 

A number of species of Collembola have been 
reared in this Department during the past ten years. 
Among these are two species of the isotomid genus 
Folsomia (F. candida Willem and F. cavicola Dela- 
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nare). In both these species, males and females 
have been found in wild populations in approximately 
equal numbers. They may easily be separated from 
ach other by the form of the external genital 

rture ; the sexes are otherwise indistinguishable. 
Neither pairing of any kind nor the deposition of 
spermatophores has ever been noted in these species ; 
but it was assumed that the males were functional 
since the testes were normally developed. Individuals 
raised from single eggs were kept in isolation and in 
the case of females produced eggs without ever having 
heen in contact with a male. Great care was taken to 
ensure that the food and culture dishes were free 
fom any possible contamination with spermato- 
shores. The eggs produced under these conditions 
were viable and gave rise only to females. From these, 
ompletely parthenogenetic cultures were built up. 
Repetition of these experiments always gave the same 
results. There is no significant difference in the 
number of eggs viable nor is there any obvious 
structural or biological change in the partheno- 
genetic individuals. 

Observations on other genera of Collembola are 
still in progress and all that can be said as yet is that 
facultative parthenogenesis is present, but by no 
means universal in the order. 


No. 4754 





H. E. Goro 


Department of Zoology, 
Imperial College, 
London, S.W.7. 


Paclt, J., “Biologie der primar fligellosen Insekten” (Gustav Fischer 
Verlag, Jena, 1956). 


‘Choudhuri, D. K., Proc. Rey. Ent. Soc. Lond., B, 27, 155 (1958). 


‘Gisin, H., “Collembolenfauna europas” (Muséum d’histoire Naturelle, 
Geneva, 1960). 


Antigenic Property of the Oral Secretion 
of Fleas 

THE development of hypersensitivity to bites of 
blood-sucking insects in man and animals requires 
an initial sensitization by the insect, or by antigens 
prepared from the insect. A latent period occurs 
between the time of the initial exposure and the time 
vhen challenge elicits skin reactions characterized by 








ielayed and/or immediate types. Thus B. Hudson 
tal.‘ and Benjamini et al.? demonstrated that when 
minea pigs were exposed to flea bites they developed 
in allergic state which required a latent period of 
+-7 days for the appearance of delayed reactions, and 
m additional 2-5 days for the onset of immediate 
actions. It was further shown by Benjamini et al. 
hat guinea pigs could be sensitized to flea bites by 
ntradermal injection of saline solution containing 
intigens prepared from fleas, or by the intramuscular 
njection of such antigens in combination with the 
omplete Freund’s adjuvant. When sensitization 
0 flea bites with prepared flea antigens was achieved, 
the latent period required for the appearance of 
ielayed skin reactions extended from 10 to 14 days, 
he immediate reaction still appearing within 2-5 
lays following first appearance of the delayed 
reaction. 

Although most workers have assumed that the 
pecific agent responsible for sensitization and for 
the allergic reaction is present in the oral secretion 
(‘saliva’) of hzematophagous insects, this hypothesis 
lacks direct experimental evidence. By a series of 
delicate experiments it was recently shown by A. 
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Hudson eé al.* that severing the main salivary duct 
of mosquitoes prevented allergic reactions to their 
bites, thus suggesting that the source of the allergen 
lies in the salivary glands. 

Tt is the purpose of this communication to present 
direct experimental evidence for the allergenic nature 
of the oral secretion of fleas. This was achieved by 
the experimental sensitization of guinea pigs to flea 
bites with oral secretion of these insects collected 
in vitro. 

The oral secretion of laboratory-bred cat fleas, 
Ctenocephalides felis felis (Bouché), was collected 
in vitro in distilled water using the apparatus described 
by Kartman‘. Approximately 1,000 fleas were con- 
fined in each feeding chamber. The insects were 
allowed to feed for 1 hr. on distilled water, main- 
tained at 37° C., through a highly purified animal 
membrane®. At the end of the feeding period the 
substrate was collected and lyophilized. The lyophil- 
ized product was green-brown in colour and had a 
somewhat gummy consistency. The yield of the 
lyophilized product obtained from the feeding of 
about 100,000 fleas was approximately 100 pgm. 
The product was then taken up in 15 ml. of saline 
and filtered through an ultrafine glass filter to remove 
bacterial contamination. Controls consisted of 
identical distilled water collection and treatment, 
but with no fleas confined in the feeding chamber. 
On lyophilization, the control flask was colourless 
with no detectable yield. 

The animals used were white or albino guinea pigs 
of mixed sexes weighing 200-300 gm. each. Each 
animal was injected intradermally twice, at weekly 
intervals, with 0:5 ml. of the oral secretion or the 
equivalent control in saline. The oral secretion 
consisted of 3 ugm. of the final lyophilized product, 
which is equivalent to the oral secretion collected 
from the feeding of about 3,000 fleas. With intra- 
peritoneal injections, each animal was given 0-5 ml. 
of the oral secretion in saline, or in combination with 
Freund’s complete adjuvant*. The oral secretion- 
adjuvant combination was prepared by mixing the 
oral secretion in saline with an equal volume of 
adjuvant (thus each intraperitoneal injection con- 
tained 1-5 ugm. of the final lyophilized oral secretion, 
which is equivalent to that collected from the feeding 
of about 1,500 fleas). The corresponding control was 
prepared in an identical manner. In addition, two 
other groups of guinea pigs were used. One consisted 
of animals each of which received two weekly intra- 
dermal injections of 0-5 ml. of 2 mgm./ml. whole 
flea extract in saline. In the other group, each guinea 
pig was exposed daily to bites of 20 fleas. 

Two weeks following the initial injection, the 
animals were challenged daily with bites of 20 fleas 
each until delayed reactions appeared. The challeng- 
ing procedure follows the method described by 
Benjamini et al.*.. Results are shown in Table 1. 

Results presented in Table 1 show that sensitization 
to flea bites was achieved when animals were injected 
intradermally with whole flea extract, and when 
animals were injected intraperitoneally with oral 
secretion in combination with the adjuvant. These 
results demonstrate the presence, in the oral secretion 
of cat fleas, of a substance or substances which are 
responsible for the development of hypersensitivity 
to flea bites in guinea pigs. The fact that the majority 
of animals injected with whole flea extract, or with 
oral secretion in combination with adjuvant, reacted 
to the challenging bite on first exposure demon- 
strates the ability of the oral secretion to induce 
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Table 1. INDUCTION OF SENSITIVITY TO FLEA BITES IN GUINEA Pics 
BY INJECTIONS OF WHOLE FLEA EXTRACT, FLEA ORAL SECRETION, 
AND BY FLEA BITES 


' 

| Flea bite challenge two weeks after 

| initial injection 

No. of | - —— 
Per cent animals showing delayed 

reactions on day of exposure 
First | Second Third Fourth | Fifth 
day day day day 


| 

| 

Method of 
sensitization animals | 

| 

| 





used 





| day 





Flea bites* | 20 | 0-0 
Whole flea | | 
extract | 
(intradermal); 20 
| Oral secretion 
(intradermal) 
Control for | 
oral secretion | 
(intradermal)| 20 0-0 | 
Oral secretion | | 
(intraperi- | | 
toneal) | 10 0-0 0-0 
Oral secretion | 
with Freund's 
adjuvant 
(intraperi- | | | | | 
toneal) ' 15 | 800 80-0 80-0 | 93-2 
Control for | 
oral secretion 
with Freund's 
adjuvant } 
(intraperi- | 
toneal) 15 0-0 


0 | oe | 10-0 | 100-0 


100-0 100-0 | 100-0 | 100-0 


| 
100-0 | 


20 | 00! 00 | 0-0 | 10-0 | 100-0 
: } 


00 0-0 50 | 100-0 | 


0-0 | 20-0 | 100-0 | 


100-0 


0-0 6-7 26-6 | 100-0 


* Flea bite sensitization began on first day of challenge. 


hypersensitivity. In comparison, the corresponding 
controls reacted only after five daily exposures, when 
sensitization finally was elicited by the challenging 
bites. The fact that sensitization was not induced 
when oral secretion was injected intradermally or 
intraperitoneally in saline alone suggests that oral 
secretion contains an incomplete antigen which by 
itself is incapable of inducing sensitivity. On the 
other hand, in combination with an adjuvant the 
oral secretion achieves its full antigenic properties. 
The observation that animals sensitized to flea bites 
by bites of fleas do react to skin challenges given with 
oral secretion is further support of the hypothesis 
that the substance in the oral secretion responsible 
for the induction of hypersensitivity shows character- 
istics of a hapten. It remains for future work to 
test this hypothesis. 

This work was supported by Research Grant 
E-1389 from the National Institute of Allergy and 
Infectious Diseases of the National Institute of 
Health, U.S: Public Health Service. 

The use of trade names is for identification purposes 
only and doss not constitute endorsement by the 
U.S. Public Health Service. 

E. BENJAMINI 
BEN F. FEINGOLD 
Kaiser Foundation Research Institute, 
Laboratory of Medical Entomology, 
San Francisco. 
L. KAarRTMAN 
San Francisco Field Station, 
Technology Branch, 
C.D.C., U.S. Public Health Service, 
San Francisco. 
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(1960). 
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* “Silverlight” membrane, Julius Schmidt, Inc., New York, N.Y. 

*Bacto adjuvant, complete Freund (Difco 
Michigan). 
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Natural Selection and the Sex Ratio 


In a recent article, Kalmus and Smith! —_ 
attempted to explain why a sex ratio of about one 
half is selectively advantageous. More recently 
Bodmer and Edwards* have published a paper on th, 
same subject. The two approaches differ in the 
emphasis placed on different forms of selection 
Kalmus and Smith believe that there are two main 
selective forces: one which requires the chance of 
encounter of a male and a female at the reproductive 
age to be a maximum, and hence that the sex ratio 
at this age should be one half (as suggested by 
Srew*) ; and the other that the genetic variance of 
population should be as large as possible for a given 
population size, which also requires a sex ratio of one 
half at sexual maturity. On the other hand, Bodmer 
and Edwards maintain that the most important 
selective force arises through the advantage of 
reproducing as efficiently as possible, that is, of | 
making the maximum genetic contribution to future | 
generations for a given amount of effort devoted to 
the bearing of young. As Fisher‘ pointed out, a sex 
ratio of about one half is the most efficient in this 
sense. 

The fundamental difference between these two 
approaches lies in the mode of selection. The types of 
selection that Kalmus and Smith believe important 
can only operate between populations, whereas the 
latter, or Fisherian, type can only operate within a 
population. Thus Kalmus and Smith maintain that 
populations with sex ratios about one half are com- 
mon because they have replaced populations with 
other sex ratios, while Fisher’s argument supposes 
that even an isolated population will evolve towards 
a sex ratio of one half. It is thus clear that only in 
exceptional circumstances will a population be at a 
selective advantage over a competing population on 
account of its sex ratio since both will already have 
evolved a sex ratio of one half. 

If interpopulation selection were of paramount 
importance in determining the sex ratio one would 
expect to have found that isolated populations, 
which are not subjected to it, frequently had sex 
ratios different from one half, which has not been 
observed. Furthermore, in polygamous species in 
which a single male, after defeating his competitors, 
fertilizes a large number of females, there is no longer 
any reason for it to be advantageous if the chance of 
encounter of a male and a female is at a maximum : 
prolific reproduction is ensured only if there is a 
plentiful supply of females and the sex ratio is very 
low. The fact that the genetic flexibility of the 
population is then somewhat restricted is unlikely 
to outweigh the advantages of such a sex ratio 
in interpopulation selection, where the ability to 
breed large numbers is of particular importance. 
Nevertheless, the sex ratio in such species seems to be 
about one half. 

Kalmus and Smith concede the relevance of 
Fisher’s theory when they state that “in the case of 
species which rear their young, a further reason for 
expecting equality of sex-ratio at the time of sexual 
maturity has been given by Fisher”. But this is @ 
misrepresentation of what Fisher actually wrote: 
his argument refers not only to species which rear 
their young, but also to species in which reproduction 
involves some expenditure of effort by the parents 
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hat is, to all sexually reproducing species. Further- 
nore, as Bodmer and Edwards have shown, it is not 
qual numbers of the sexes at maturity that is 
xpected but equal numbers at the end of the period 
of parental dependence. 

It thus seems that Kalmus and Smith have not 
jully appreciated the force of Fisher’s argument. 
When the two points of view are compared in detail 
there is little doubt that it is Fisherian selection that 
js primarily responsible for the observed numerical 
equality of the sexes in many species. 

A. W. F. Epwarps 
(Eugenics Society Darwin Research Fellow) 


No. 4754 






Department of Genetics, 
University of Cambridge. 
Oct. 12. 
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botner, W. F., and Edwards, A. W. F., Ann. Hum. Genet., 24, 239 
a. F. A. E., Amer, Nat., 71, 529 (1937). 


‘Fisher, R. A., ““The Genetical Theory of Natural Selection”’, first ed. 
(Oxford University Press, 1930). 


Chromosome Breakage induced by 
electrolytically produced Free Radicals 


In assessing the mode of action of radiations in 
biological systems, the free radicals have been 
recognized as playing an important part in producing 
the end effect'. It has also been shown that 
chemically produced free radicals (hydroxyl ions 
from hydrogen peroxide plus iron ions) are capable 
of inducing chromosome breakage in barley*. In the 
present work, attempts were made to study the bio- 
logical effects of free radicals and secondary products 
produced electrolytically by the well-known Kolbes 
synthesis? in which the anode reaction can be 
described as follows : 


(1) RCOO-——RCOO: + e 
(2) 2RCOO-——2C0, + (2R-) 
R-—R 


Reaction 2 is accompanied by release of energy. 
Although the possibility that this energy may be 
emitted as light is certainly very low (about 1 in 10"), 
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it can be measured by means of a sensitive photon- 

counting detector system. The life of the light- 
emitting species can be measured by applying the 
pulses from the photomultiplier tube to a rate-meter 
tircuit on an oscilloscope. The emission spectrum 
was recorded by means of six interference filters 
350-700 my). 

We have observed that when different plant 
oils react with alkaline buffers, there is a simul- 
taneous emission of light during the reaction. The 
energy of the light emitted varies with different oils. 
At present it is not clear as to whether the light 
comes from the reacting radicals or from the decom- 
position of peroxides. However, the light-energy can 
be correlated with the mutagenic ability of the oils*,’ ; 
mutagenic oils emit light of higher energy than the 
non-mutagenic oils. 

Similarly, it is possible by electrolysis of some 
simple amino-acid solutions to produce reactive 
species with different light ‘emission energy’ and 
different length of life; for example, tyrosine gives 
reactive species with high energy and long life, 
whereas cysteine, known as affording protection from 
radiation, gives light with low emission-energy and 
short life (high energy refers to quanta of 2-7- 
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3-0 eV., low to about 2-4 eV.). Furthermore, when 
both tyrosine and cysteine are present during elec- 
trolysis, light emission and length of life were the 
same as in cysteine electrolysis®. 

In the present work we have used tyrosine and 
cysteine as a ‘model system’ and barley root meri- 
stems as the biological material, since the latter is 
known to be an extremely stable cytological material 
(ref. 7 and Ehrenberg, L., and Natarajan, A. T., 
unpublished work). Freshly germinated barley seeds 
(with roots about 5 mm. long) were placed with their 
root tips on a platinum anode and electrolysed 
(4-5 V.) for 1 hr. in the following solutions : 


Sodium acetate (0-06 M) 

o» + tyrosine (saturated) 
+ cysteine (0-01 M) 
+ 


) 
) o + tyrosine (saturated) 


(a 
(2 
(3 
(4 

After treatment, the seeds were washed and 
allowed to recover for 18 hr. The root tips were 
fixed in acetic alcohol (1 : 3) and slides were prepared 
as Feulgen squashes. The slides were scored for 
chromosomal aberrations at both metaphase and 
anaphase stages. The results are presented in Table 1. 
Two sets of controls were treated for 1 hr. without 
electrolysis in different solutions as well as in solutions 
which had been electrolysed for 1 hr. At least two 
hundred cells were scored for each treatment and no 
cytological abnormalities could be detected in this 
material. Materiai electrolysed in tyrosine exhibited 
at least a ten-fold increase in chromosome breakage 
over the rest of the treatments. It is of interest to 
note that by the addition of cysteine to the system, 
the effect of tyrosine could be nullified. 


Table 1 
Solution electrolysed No.of Aberrant Aberrations 
cells cells (per cell) 
studied (per cent) 

(1) Sodium acetate (0-06 M) 722 0-41 0-0041 
(2) Sodium acetate (0-06 M) + 

tyrosine 172 5-80 0-0820 
(3) Sodium acetate (0-06 M) + 

cysteine 414 0-23 0-0023 
(4) Sodium acetate (0-06 M) + 

cysteine + tyrosine 215 0°47 0-0047 


In the genetic material there are obviously chemic- 
ally reactive groups susceptible to radiomimetic 
agents such as radicals, peroxides, epoxides, etc. To 
get a reaction, the radiomimetic agent and the reactive 
group in the nucleus must have more energy than the 
possible reaction products. If we assume the reac- 
tivity of the actual genetic material to be constant, 
then the energy content of the radiomimetic substance 
determines if a reaction wiil take place or not. 

The results from the experiments mentioned above 
together with the emission spectroscopic measure- 
ments* on various substances make it reasonable to 
assume that the energy of the emitted light is an 
expression of reacting potential towards other 
molecules® (this is not valid in the case of molecules 
where the excited state is protected against external 
chemical reactions). Then it is possible, by means of 
emission spectroscopy, to screen reactive species from 
a radiobiological point of view. 

In our experiments, the reactive species are pro- 
duced outside the cell and must have a long life to 
reach critical sites inside the cell. Though the kind 
of reactive species involved is not clear at present, it 
is of interest that such types of species are certainly 
produced in irradiated biological systems also. 

The occurrence of low energy-levels in the chromo- 
some with high polarizability of electrons in these 
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levels makes it possible to assume that the reactivity 
of the genetic material is highly dependent on the 
chemical environment, for example, as determined by 
water content. Perhaps this polarizability can be 
increased by addition of particular substances and 
cause the reactive groups to be even more reactive 
towards radiomimetic agents. This problem is under 
investigation. 

The financial support of the Swedish Cancer 
Society and the Swedish Natural Science Research 
Council for these investigations, and an award of a 
fellowship to one of us (A. T. N.) by the Swedish 
Institute, are gratefully acknowledged. 

G. AHNSTROM 
A. T. NATARAJAN 
Institute of Organic Chemistry and 
Biochemistry, 
University of Stockholm. 


* Ehrenberg, L., Radiation Res., Supp. 1, 102 (1959). Ehrenberg, A., 
and Ehrenberg, L., Arkiv Fysik, 14, 133 (1958). Sparrman, B., 
Ehrenberg, L., and Ehrenberg, A., Acta Chem. Scand., 13, 199 
(1959). 

* Phillips, L. L., Science, 124, 889 (1956). 

* Weedon, B. C. L., Quart. Rev. Chem., 6, 380 (1952). 

* Swaminathan, M. S., and Natarajan, A. T., Curr. Sci., 25. 382 (1956)e 

* Swaminathan, M. S., and Natarajan, A. T., J. Hered., 50, 177 (1959), 

* Ahnstrém, G., Acta Chem. Scand. (in the press). 

’ Natarajan, A. T., Risé Report, 16, 39 (1960). 

* Reid, C., “Excited State in Chemistry and Biology” (Butterworths 
Scientific Publications, London, 1957). 


ANTHROPOLOGY 


The Olduvai Giant Hominid Tooth 


THE giant molar tooth found by Dr. L. 8S. B. 
Leakey' in Bed II at Olduvai Gorge in Tanganyika 
was reported by him'.*? to be a lower deciduous second 
molar of a hominid, possibly related to Sinanthropus 
and Homo heidelbergensis. This interpretation has 
been questioned by a number of workers including 
G. H. R. von Koenigswald*® of Utrecht and John T. 
Robinson‘ of Pretoria, who conclude that the tooth 
is rather @ permanent upper molar, probably 
Australopithecine. 

I am in agreement with the views of the last two 
authors on all but one point, that is, the contention 
that it necessarily is a permanent tooth. Its size 
certainly places it in the range of the Australopithe- 
cine permanent molars (including those of Zinjan- 
thropus), but several things make it difficult to rule 
out the deciduous grouping. 

Beyond a doubt the root system is that of an upper 
molar. There are three roots, two obviously buccal 
and the large lingual one extending palataly in the 
typical fashion which required that it had the accom- 
modations of the maxillary alveolus rather than the 
restrictions of the mandibular bony support. The 
cast of the tooth, available to me through the 
courtesy of Dr. K. P. Oakley of the British Museum 
(Natural History), suggests also that the roots may 
have been in the process of resorption from the 
influence of the developing permanent tooth which 
nestled above and between them. This may be 
questioned, though, by the fact that lack of wear 
suggests that the tooth is not old enough to be in 
the resorptive stage. The spreading disposition of 
the roots with the markedly constricted neck of the 
tooth strongly suggests a deciduous character. 

The occlusal surface of the Olduvai tooth is long 
and narrow, as outlined by the tips of the cusps. 
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This is a feature seen mainly on deciduous teeth, 
although it does occur on the permanent ones py 
much less frequently. The strong development of the 
metacone also speaks in favour of this being , 
deciduous rather than a permanent tooth. 

Robinson’s points on the relative position of the 
buccal and lingual cusps, the intercuspal crest an 
the accessory cusps in the fovea, are valid. So is his 
argument against the heavily worn deciduous canine 
belonging to the same individual from which the 
molar came. Von Koenigswald used an index based 
on mesio-distal crown lengths to compare the tooth 
sizes in Homo, Australopithecus and the Olduvai 
specimen. He felt that the value of 214 for the latter 
placed it definitely within the range of Austral. 
pithecus, which had indexes of 148 and 187 as con- 
trasted to 117 and 153 for Homo. The tooth dimen. 
sions of Zinjanthropus boisei (from Bed I in the same 
gorge)*® were not available to him at the time. The 
difference in size between anterior and posterior teeth 
in Zinjanthropus is so considerable that applying von 
Koenigswald’s index to the permanent first molar 
of the latter and the Olduvai deciduous canine® gives 
a value of 228 =($s x 100). An Olduvai deciduous 
pre 
second molar would be expected to be smaller than 
this, and hence comes closer to the measurement of 
the giant Olduvai tooth being discussed. Thus, the 
argument of size and proportions favours rather than 
discounts the identification of the Olduvai molar as a 
deciduous tooth. 

In my opinion, therefore, the Olduvai molar could 
very well be a left maxillary deciduous second molar. 


ALBERT A. DAHLBERG 


Zoller-Dental Anthropology, 
University of Chicago. 

1 Leakey, L. S. B., Illustrated London News, 232, 1103 (June 28, 1958) 
* Leakey, L. S. B., Nature, 181, 1099 (1958). 
* Koenigswald, G. H. R. von, Koninkl. Nederl. Akademie Van Weten- 

schappen, Amsterdam, B, 63, 20 (1960). 
* Robinson, J. T., Nature, 185, 407 (1960). 
* Leakey, L. S. B., Nature, 184, 491 (1959). 


PSYCHOLOGY 


Senile Dementia and Cerebral Oxygen 
Uptake measured on the Right and 
Left Sides 


In a recently concluded work! on cerebral oxygen 
uptake in the aged, an unexpected result was that 
uptake values based on blood drawn from the left 
internal jugular vein were more closely related to 
mental function than were values based on right 
jugular blood. Five normal aged men and nine male 
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»atients with chronic brain syndrome were included 
n this part of the investigation. Bilateral cerebral 
oxygen uptake determinations were made with Lassen 
and Munck’s modification? of the ineri gas method of 
Kety and Schmidt*. This modification employs 
xrypton-85 as the inert gas, and bilateral simultaneous 
ampling of internal jugular blood is carried out. 
Psychological functioning was assessed by the Wechs- 
ir adult intelligence scale and Raven’s matrices‘. 
The physiological and psychometric data were not 
compared until after completion of the investigation. 

Table 1 lists the correlations obtained between 
the Wechsler adult intelligence scale sub-tests and 
matrices scores, and the cerebral oxygen-uptake 
values of the right and left sides. One patient was 
aphasic and unable to perform any psychological tests, 
and other patients did not complete all tests; the 
numbers for the several correlations therefore vary. 
It will be seen that the correlations are consistently 
higher on the left and that many are statistically 
significant. None of the correlations on the right 
whieves statistical significances. The values of cerebral 
oxygen-uptake for the two sides were negatively but 
not significantly correlated, r = —- 0-14. 
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Table 1. CORRELATIONS OF CEREBRAL OXYGEN UPTAKE VALUES* 
MEASURED ON THE RIGHT AND LEFT SIDES WITH PSYCHOMETRIC TESTS 


Wechsler adult intelligence scale Correlation with central oxygen 
sub-tests uptake values 


No. Right Left 
Block design 12 0-22 0 -63* 
Similarities 13 0-15 0-60* 
Digit span 13 0-04 0-32 
Picture arrangement 10 —0-13 0-77t 
Picture completion 10 0-00 0 -62* 
Digit symbol 9 0-38 0-57 
Arithmetic 13 0-13 0-57* 
Information 13 0-04 0-61* 
Vocabulary 13 0-04 0-41 
Progressive matrices 10 0-18 0-44 

—0-14. 


Uptake right versus uptake left, r = 

*P<005;+t1P<001. 

* The uptake values with which the correlations of Tables 1 and 2 

were computed are ‘infinity’ values, based on extrapolation of the 

venous curve (cf. discussion in ref. 1). Correlations based on 10-min. 

values, available in this worx, showed an even more marked difference 
in favour of the left side. 


_In order to evaluate this finding further, correla- 
tions were computed on data available from previous 
work by Lassen e¢ al.5, which employed the same 
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physiological techniques and similar psychometric 
methods on a population resembling our own. These 
correlations are listed in Table 2. It will be seen that 
the correlations are again consistently higher on the 
left, though the difference between sides is slight. 
However, in this work the cerebral oxygen uptake 
values on the right and left sides were themselves 
positively and significantly correlated (r = + 0-58). 
Therefore, partial correlations were computed ; 
these indicate the relatively independent relationship 
to the psychometric data of the uptake values of each 
side. The results are listed in parentheses in Table 2. 
It will be seen that this procedure enhances the 
difference between sides: three of the four correla- 
tions on the left remain statistically significant, 
while none on the right does so. 

These findings therefore suggest that cerebral 
uptake values based on right and left jugular blood 
have different significance for the aspects of mental 
function measured by the psychological tests. How 
may this difference be interpreted ? One possibility 
is that uptake values based on jugular blood samples 
reflect predominantly the state of cerebral meta- 
bolism in the ipsilateral hemisphere. If this were so, 
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CORRELATIONS OF CEREBRAL OXYGEN UPTAKE VALUBS 
WITH PSYCHOMETRIC TBSTS 

Calculated from data available from a previous bilateral study. 

Partialled correlations in parentheses. N = 18 


Psychometric test Correlation with cere al oxygen up- 
take values 


Table 2. 


Wechsler adult intelligence scale 
8 


ub-tests Right Left 
Block design 0-59t (0-27) O-72t (0-58)T 
Similarities 0-43* (0-16) 0-57t (0-44)* 
Digit span 0-34 (0-12) 0-44* (0-31) 
Progressive matrices 0-59t (0-27) 0-72t  (0-58)T 


Uptake right versus uptake left, r = 0-58f. 
*P<005; tP<001. 


we might relate our findings to hemisphere dominance 
(12 of the 13 subjects were right-handed) and to the 
oft-noted special importance of the left side of the 
brain for intellectual function. (The relative impor- 
tance of left and right hemisphere lesions as causes of 
cognitive impairment in man is not a settled issue. 
It has been well established that those intellectual 
functions closely related to or dependent on language 
are more severely impaired by lesions of the left 
hemisphere*. However, recent psychological work 
has yielded evidence that skill on certain ‘non-verbal’ 
or ‘performance’ tasks is reduced more by right than 
by left cerebral lesions’. It should be noted that, 
in our investigation, the ‘performance’ as well as 
the ‘verbal’ tasks of the Wechsler adult intelligence 
scale were more highly correlated with left cerebral 
oxygen uptake values.) However, the degree of inter- 
mixture of venous blood from the two hemispheres 
has not been definitely established. A study* of 
intra-carotid injection of T-1824, carried out in 
five normal subjects, found a mean ratio of dye 
recovery from the internal jugular veins (contra- 
lateral : ipsilateral) of 1:3. It can be shown mathe- 
matically that correlations of the magnitude we report 
here are not incompatible with this degree of inter- 
mixture. (We are indebted to Dr. S. Geisser, of the 
Biometrics Branch, National Institute of Mental 
Health, for this proof and for other statistical advice.) 
However, until the sources of blood draining into the 
jugular veins are more fully determined, it would be 
premature to interpret the difference in correlation 
with mental state as the result of a general metabolic 
difference of the respective hemispheres. It remains 
conceivable that it is the metabolic activity of a 
localized brain area, the drainage of which is strictly 
unilateral, which is the significant variable. 

An alternative possibility is that the two sides have 
differing proportions of cortical/subcortical blood, 
and that it is some aspect of this ratio which is 
reflected in the differing correlations with mental 
state. However, while anatomical evidence suggests 
that frequently one side receives the larger proportion 
of cortical blood, neither side appears to be con- 
sistently favoured®. Further, bilateral cerebral 
oxygen uptake determinations in normals have failed 
to reveal significant differences between the right and 
left sides*,* ; if one side consistently drained more 
cortical blood, one would expect its metabolic rate 
to be higher. 

Whatever their underlying basis, our findings 
raise the possibility that cerebral oxygen uptake 
values on the right and left sides may not be of equal 
significance for mental function. If so, previous 
unilateral studies, which were performed predomin- 
antly on the right side and which failed to show any 
relationship to psychological variables'®, require 
re-evaluation. Reliable correlations between physio- 
logical and mental states have been notoriously 
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difficult to establish. It now appears possible that 
application of the bilateral method may considerably 
enhance the significance of cerebral oxygen uptake 
measurements and thus offer new opportunities for 
research in this area. 


Irwin FEINBERG 
Mark H. LANE 
Nrets A. Lassen* 


Laboratory of Clinical Science, 
National Institute of Mental Health, 
National Institutes of Health, 
Bethesda, 
Maryland. 
* Visiting scientist. Present address: Medical Dept. B., Bispebjerg 
Hospital, Copenhagen N.V., Denmark. 
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* Lassen, N. A., and Munck, O., Acta Physiol. Scand., 33, 30 (1955). 

* Kety, S. S., and Schmidt, C. F., J. Clin. Invest., 27, 476 (1948). 

* Wechsler, D., ““Manual for the Wechsler Adult Intelligence Scale” 
(The Psychological Corpora.ion, New York, 1955). Raven, J. C., 
“Progressive Matrices; Coloured Progressive Matrices” (H. K. 
Lewis and Co., London, 1938 and 1956, respectively). 

* Lessen, N. A., Munck, O., and Tottey, E. R., Amer. Med. Assoc. 
Arch. Neurol. and Psychiat., 77, 126 (1957). 

* Weinstein, S., and Teuber, "1. L., Science, 125, 1036 (1957). Meyer. 
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Arch. Neurol, and Psychiat., 60, 240 (1948). 
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** Kety, 8. 8., Woodford, R. B., Harmel, M. H., Freyhan, F. A., Appel- 
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The Relativity of Meaning 


Tue burden of Dr. Ross Ashby’s communication! : 
“the meaning of a message also depends on the set 
that the message comes from” is known to every 
careful user of the English language who has learnt 
the meaning of the word ‘context’, but his example 
is incomplete. The messages that he instances may 
indeed change their meanings as the set is expanded, 
but ‘“‘How we wish you were here”’ does not: necessarily 
become ironic because “Do come and join us” is 
available as well. If the sender knows that such 
joining is impossible he may honestly choose the 
former message, which will then have the same 
meaning as if it were the only one of the two avail- 
able. The set is of less importance in determining 
meaning than is the mutual knowledge that sender 
and recipient have of one another. 


W. B. Yarprp 


Department of Zoology and 
Comparative Physiology, 
The University, 
Edgbaston, 
Birmingham 15. 
‘Ashby, W. Ross, Nature, 187, 532 (1950). 


Dr. Ross AsHBy' advocates the “‘postulate that 
the meaning of a message [as well as its information 
content] . . . depends on the set of messages that 
the message comes from’. It seems possible that 
Dr. Ashby was thinking primarily in terms of non- 
natural languages (such as those used as models in 
information theory). However, his example is 
drawn from natural language, and presumably his 
argument is meant to apply to all languages. 
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If this is so, I suggest that his point shoulq be 
thought of as a special case of a quite general rule of 
language, when it is used to express empirical jp. 
formation. It is normally true that the m 
given to an empirical statement (a message) both by 
the deliverer and by the receiver will depend on 4 
number of factors in addition to its ‘intrinsic’ pro. 
perties ; that is, the shapes and ordering of itg Signy, 

The most influential of these factors is the ‘purp, 
of the statement, which in its turn determines what 
is its mode of justification or verification, what jg 
the relevant ‘set of messages’ (context), how much 
the statement is to be taken as elliptical, and so on. 
all these are, of course, themselves part-determinants 
of meaning—of how a statement will be interpreted, 
Obvious examples are “That object has a low tem. 
perature” (in the kitchen or in the laboratory»), 
“That hill is dangerous’’ (for motor-cars or aero. 
planes?) and “Water is H,O” (definition o 
description ?). 

In current linguistic theory, such cases are treated 
as exceptions. But in fact there are reasons? for 
thinking that a great deal of trouble could be saved, 
not only within the field of communication theory 
but also in controversy in general, if it were regarded 
as the rule that the way in which sentences (and 
sometimes individual words) are to be interpreted | 
depends in part on the purpose for which they | 
are used. 
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Rupert CRAWSHAY-WILLIAMS 


Castle Yard, 
Portmeirion, 
Penrhyndeudraeth, 
Merioneth. 
1 Ashby, W. Ross, Nature, 187, 532 (1960). 


* Crawshay-Williams, R., ““Methods and Criteria of Reasoning" 
(Routledge, London, 1957). 


MATHEMATICS 
Theory of Optimal Gammas 


Ross! asks for a definition of the goodness of a 
game. A reasonable answer, though presumably 
incomplete, is that a game is good in so far as it 
involves skill. A measure, y, for the degree to which a 
game is one of skill may also be of legalistic interest 
in those countries where gambling is somewhat 
against the law. Several years ago I suggested a 
definition for y, and it may now be appropriate to 
publish it. The definition is relative to a population 
of learners and trainers and to the number of learners, 
and is relative to the training time and to the duration 
of play. If we assume all these parameters to be fixed 
we should find that the players would fall into 
grades, C,, C,, .. ., C,, such that, on average, a 
player in grade C, would have a probability of say 
2/3 of beating a player in grade Cy,, (g = 1, 2,. 
y — 1). The number, y, of grades, is then the sug- 
gested measure of the degree to which the game is one 
of skill. It is not a good measure of difficulty, since 
some games, such as the child’s game of ‘boxes’, are 
so difficult for human beings that training and 
ability do not count for much. 





I. J. Goop 


58a Warren Road, 
Ashford, 
Middlesex. 


* Ross, A. 8. C., Nature, 187, 968 (1960). 
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Monday, December 12 


INSTFTUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND CoM- 
MUNICATION SECTION (at Savoy Place, London, W.C. 2), at 5. 30 p.m.— 
Dr. P. R. Bryant: “Topology Concepts in Network Theory”. 

[INSTITUTE OF METAL FINISHING (at the rye pe Coll 
Technology, St. John Street, London, E.C.1), at 6.15 p.m.—Mr. 

Kape : “Unusual Anodizing Methods and Their Practical Significance”. 

ROYAL GEOGRAPHICAL SocrETY (at 1 Kensington Gore, London, 
§.W.7), at 8.30 p.m. —Brig.. , Fergusson, D.S8.0., O.B.E. : 
“4 Return to Upper Burma” 


e of 


Tuesday, December 13 


ILLUMINATING ENGINEERING SociEty (at the Federation of British 
Industries, Tothill Street, London, 8.W.1), at 6 p.m.—Mr. J. M. 
Wakiram : “Visual Problems on Motorways”. 

INSTITUTION OF MECHANICAL ENGINEERS, (pans DIVISION 
(at 1 b ys Walk, Westminster, London, 8.W.1), at 6 p.m.—Mr, 
J. P. Solta “Maximum Cylinder Pressure Fluctuations in a Petrol 

ine” 


paren INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS 
Group (at the London School of Hygiene and Tropical Medicine, 


Kep; Street, Gower Street, London, W.C.1), at 6.30 p.m.—Mr. 
a. browne: “A Pulse Multiplex Stereophonic Broadcasting 
System”. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.— 
Sir Hamish D. ~ 7: K.B.E., C.B.: “Electrical Engineering in 
the Naval Service 


INSTITUTION OF a —— INDUSTRY (at the Roya] Overseas 
League, Park Place, St. James’s, London, 8.W.1), at 5.30 _—— 
Mr. E. E. Gunn: “ U1 Radiation Effects on Rubbers”. 7p 
Panel Discussion—“‘Competitive Polymers in Automobile e Applica 
tions”. Speakers: Mr. A. E. Bray. Mr. S. Mottran, Dr. 

Mr. G, B. Oks, Mr. J. Walker, Dr. W. Stein and Mr. ©. H. Saae 


Wednesday, December 14 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
8.W.7), at 2.30 p.m.—Discussion Meeting on “Automatic Methods 
of Handling Meteorological Data”. Principal Speakers: Mr. C. V. 
Else, Mr. J. M. Craddock and Mr. E. J. Sumner. 


ROYAL STATISTICAL SoctETy (at the London Schoo! of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
at 5.15 p.m.—Mr. R. H. Daw: “The Comparison of Male and Female 
Mortality Rates’’. 


Evegnics Society (at the Royal Society, 
Piccadilly, London, W.1), at 5.30 p.m.—Mr. A. C 
Trends in the Population Genetics of Man”’.* 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SECTION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. L. Gosland and 
Mr. RB. G. Parr : “A Basis for Short-Cireuit 1 Ratings for Paper Insulated 
Cables up to 11 kV.” ; Mr. G. 8. Buckingham : “Short-Circuit Ratings 
for Mains Cables”. 


INSTITUTION OF MECHANICAL segue (at 1 Bipdcoge Walk, 
Westminster, London, 8.W.1), at p.m.—Dr. F. Galloway : 
San mn Tool Research, Design aah Utiietion™ ‘(James Claytor 

ecture 


SocIRTY FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROUP 
(in the Restaurant Room of “The Feathers”, Tudor Street, London, 
E.C.4), at 6.30 p.m.—Discussion Meeting on “A Review of Topics 
in Organic Micro-analysis”’. 


SOCIETY FOR PSYCHICAL RESEARCH (at — ton Town mg 
Kensington High Street, London, W.8), at 7 r. R. B. Warn 
“Levels of Awareness—Their Relevance to Ppsychical Sica. 


WOMEN’S ENGINEERING Socrety (at ““Hope House”, 45 Great Peter 
Street, Westminster, London, 8.W.1), at 7 p.m.—Capt.-F. Potts: 
“Power Transmission by Submarine Cable”. 


Thursday, December I5 


ASSOCIATION FOR THE STUDY OF ANIMAL BEHAVIOUR (at Birkbeck 
College, Malet Street, London, W.C.1), at 10.45 a.m.—Symposium 
on “The Effects of Chemicals and Drugs on Behaviour’’. 


INSTITUTE OF PHysics and the PHysIcAL SociETY, OPTICAL GROUP 
(in the Physics Department, Imperial College, Prince Consort Road, 
London, 8.W.7), at 2. 30 p.m.—Dr. C. G. Wynne: “A Flat Field 
Smaeegue Objective’; Mr. R. W. Uffen: “The Field for Fibre 
Optics 


SOCIETY OF = INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Bel e Square, London, 8.W.1), at 2.30 p.m. and 
5.30 p.m.—Scientific Papers. 


INSTITUTION OF ee AND METALLURGY (at the Nae Gocleg. 
kurlington House, Piccadilly, London, W.1), a p.m.—Mr. 
Dalton-brown : “Recove £ Cassiterite at the “Suneet Besi Mines 
Selangor, Malaya”; Mr. “Recovery of Fine t= 


Burlington House, 
Stevenson : “Modern 


Williams 
© assiterite : Correlation of _ Valuations with Plant-Scale Re- 
covery”. 
LONDON MATHEMATICAL Society (at the Royal Astronomical 
Society, B urlington House, Piccadilly, London, W.1), at 5 p.m.—Prof. 
R. C. Paw my. “Projective Geometry and the Algebra of Relations”. 
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INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
once A* Savo: aco Hxamina London, W.C.2), at 6 p.m.—Discussion on 


ae or the Psychology of Study” opened 


by Prof Gn 


Inerrrurson OF » ENGINEERS, NUCLEAR ENERGY GROUP 
(at 1 Birdcage Walk, Westminster, London, 8.W. 1), at 6 p.m.— 
Discussion on “The Impact of Three-Fuel Economy”. 


Thursday, December 15—Friday, December 16 


POWDER METALLURGY JOINT GROUP OF THE IRON AND STEEL 
INSTITUTE and the INSTITUTE OF METALS (at Church House, Great 
Smith Street, London, 8.W.1), at 2.30 p.m. on Thursday and 9.30 a.m. 
on Friday—Winter Meeting. 


Friday, December 16 


ASSOCIATION FOR THE STUDY O¥ ANIMAL BEHAVIOUR (at Birkbeck 
College, Malet Street, London, W.C.1), at 10 a.m.—Symposia on 
“The Acquisition of New Behaviour Patterns” and “Releasing 
Stimuli in Animal Behaviour’. 


BIOCHEMICAL Society (in the Physiology Theatre, Guy's Hospital 
Medical School, London, 8.E.1), at 10.10 a.m.—401st Meeting. 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m.—‘“The Single- 
handed Trans-Atlantic Race’’. 


Friday, December 16—Saturday, December 17 


BRITISH PSYCHOLOGICAL SociETY (at University College, Gower 
Street, London, W.C.1)—Conference. 


Saturday, December 17 


NUTRITION SociETY (at the Middlesex Hospital Medical School, 
a tee ot,’ London, W.1), at 10.15 a.m.—Symposium on “Calorie 
nee in Man 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER (Grade II) IN PURE eatin Registrar, The 
University, Bristol 8 (December 14). 

Boots FELLOW (with a medical or honours degree in science), for 
research work under the Professor of Bacteriology—The Secretary, 
Wright-Fleming Institute of Microbiology, St. Mary’s Hospital Medical 
School, London, W.2 (December 30). 

ASSISTANT LECTURER IN a; line Registrar, The Univer- 
sity, Manchester 13 (December 31). 

LECTURER (with a degree in . 7 or equivalent qualifica- 
tion) IN BACTERIOLOGY—The Secretary, The West of Scotland Agri- 
cultural College, 6 Blythswood Square, Glasgow, C.2 (December 31). 

LECTURER IN Puysics at the University of Cape Town, South 
Africa—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (South Africa 
and London, January 13). 

CHAIR OF CIVIL Ly EY Registrar, University College, 
Singleton Park, Swansea (January 


ASSISTANT LECTURER (with rectal ye ualifications in experimental 


physics, ono or astronomy) IN APPLIED MATHEMATICS (GKO- 
— Secretary, The Queen’s University, Belfast (Janu- 
ary 


LECTURER IN ORGANIC CHEMISTRY at the University of Sydney, 


Australia—The Secretary, Association of eg Ky of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia and 
London, Janu 15). 


SENIOR LECTURERS (2) (one an ANALYST); a LECTURER; and an 
ASSISTANT (teaching duties and research) IN THE DEPARTMENT OF 
MATHEMATICS—The Secretary, The University, Aberdeen (Janu- 
ary 16). 

SENIOR LECTURER or LECTURER IN PARASITOLOGY IN THE DEPART- 
MENT OF ZOOLOGY, University College Ibadan, Nigeria—The Secre- 
tary, Inter- University Council for Higher Education Overseas, 29 

Woburn Square, London, W.C.1 (Jan 20). 

READER, and a LECTURER IN DEPARTMENT OF AGRICULTURAL 
CHEMISTRY at the Waite Agricul Institute, University 
of Adelaide, Adelaide, South Atotralio The Secretary, Association 
of Universities of the tritish Commonwealth, 36 Gordon Square, 
London, W.C.1 (Australia, January 30). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN Puysios, 
CHEMISTRY, BIOCHEMISTRY, ENGINEERING, METALLURGY and PHARM- 
ACOLOGY or any related subjects—The Registrar, The University, 
Liverpool (February 11). 

LECTURER IN MICROBIOLOGY IN THE FACULTY OF MEDICINE, 
University of Western Australia—The Secretary, Association of 
Universities of the british Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia and London, February 28). 

ASSISTANT KIOCHEMIST (with a first- or second-class honours degree 
in chemistry or biochemistry, or A.R.I.C.) IN THE AREA PATHOLOGY 
LABORATORY, Stoke Mandeville Hospital—The Administrative Otticer, 
Stoke Mandeville Hospital, yo Bucks. 

ASSISTANT PROFESSOR, and an ASSOCIATE PROFESSOR IN MATHE- 
MATICS—J. W. Lawson, Head of the Department of Mathematics, 
University of Manitoba, Winnipeg, Manitoba, Canada. 

RCTURERS and ASSISTANT LECTURERS IN BOTANY ; LEOTURERS IN 
PHYSICAL and IN INORGANIC CHEMISTRY, and ASSISTANT LECTURERS 
IN ORGANIC and IN PHyYsIcAL CHEMISTRY ; a LECTURER (preferably 
with qualifications in algebra or topology) IN MATHEMATIOS; and 
LECTURERS and ASSISTANT LECTURERS in both EXPERIMENTAL and 
THEORETICAL Puysics—The Secretary to the Council, Westfield 
College (University of London), Hampstead, London, N. W.3. 
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POSTDOCTORAL FELLOW IN THE DEPARTMENT OF CHEMICAL ENG- 
INEERING, for research in flame spectroscopy or a related subject— 
Dr. A. G. Gaydon, F.R.S., Imperial College of Science and Tech- 
nology, London, 8.W.7. 

SCIENCE GRADUATE (with experience in the bacteriological ope 
of chemical disinfection) IN THE DISINFECTION REFERENCE B 
ORATORY—The Director, Central Public Health Laboratory, Colindale, 
London, N.W.9. 

SENIOR RESEARCH FELLOW (with a degree in chemical or mechanical 
engineering, metallurgy or physics, and prepared to conduct research 
on the engineering principles which underline processes used for metal 
extraction, that is, on mass, heat or momentum transfer) IN PROCESS 
ENGINEERING—Prof. F. D. Richardson, Metallurgy Department, 
Imperial College of Science and Technology, London, S.W.7. 

Youre Lane (with B.Sc. in chemistry or a biological science), 
to Ly in a research programme on the Medical Professional Unit— 

e Secretary of the Medical College of St. Bartholomew's Hospital, 
West Smithfield, London, E.C.1. 


REPORTS and other PUBLICATIONS 


(not included in the thly Books Supplement) 





Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London. Series 
B: Biological Sciences. No. 700, Vol. 243 (18 August, 1960): The 
Fine Structure of the Insect Ear. By E. G. Gray. Pp. 75-94+plates 
4-15. (London: Royal Society, 1960.) 25s. {129 

Tweed River Purification Board. Annual Report for the year ended 
15th May, 1959. Pp. 24. (Newtown St. Boswells: Tweed River 
Purification Board, 1960.) [129 

Frank Mason and Co., Ltd., Directors’ Report and Statement of 
Accounts for the year ended 31st March, 1960. Pp. 8. (London: 
Frank Mason one Soe J Ltd., 1960.) {129 

Internati rnal of "Heat and Mass Transfer, Vol. 1, No. 1 
(June, 1960). Pp. Ts. Subscription rates : (A) For Libraries, Govern- 
ment Establishments, Research boratories, etc. £7 (20 dollars) 
per volume. (B) For individuals who place their orders directly with 
the publisher and certify that the journal is for their personal use. 
£5 58. (15 dollars) per annum. (London and New York: Pergamon 
Press, 1960.) 129 

8 mposia of the Zoological Society of London. No. 2: Cyclical 
Activity in Endocrine Systems. (Proceedings of a Symposium held 
at the 5 — Society of London, 8th December 1959.) — 
by E. J. W. Barrington. 7h ehhh plates. (London: Zool 
Society of London, 1960.) 2 139 

West African Timber tJ Research Unit. Technical Bulletin 
No. 8: ‘Trachyostis ghanaensis Sched! (Col., a ag 34 an 
Ambrosia Beetle Attacking Wawa, T'riplochiion sclerorylon K hum. 
By Dr. H. Roberts. Pp. 17+4 plates. (London: Crown Agents for 
Oversea Governments and Administrations, 1960. Published on 
| aed of the West African Timber Borer Research Unit, 1ete2 

+, sttish Federation of University Women. Working Party on Women 
in Science and Technology, 1956-1960—Final Report. Pp. 8. (Lo 
don: british Federation of University Women, 1960.) {129 

Royal Institute of Chemistry. Lectures, Monographs and nope, 
1960. No. 1: Recent Studies in Boron Chemistry. By Dr. b 
Heal. Pp. ii+39. 5s. net. No. 2: Use of Non-Aqueous Solvents in 
Inorganic Chemistry. By Dr. C. C. Addison. Pp. ii+25. 48. 6d. net. 
Cenden : Royal Institute of Chemistry, 1960.) 129 

he Eleventh Annual Report of the Wildfowl Trust, 1958-1959. 
By Hugh Boyd and Peter Scott. Pp. 167+32 plates. (Slimbridge, 
ucestershire : The Wildfowl Trust, 1960.) 10s. net. {129 

British Association for C Ay and Industrial Education. Tips 
on Talking. Second edition. London: British Association 
for Commercial and Industrial Diccstion, 1960.) 3s. 129 

British Association for Commercial and Industrial Education. 
Education for Survival: Report of the Ninth Annual Conference 
4 the BACIE East Midlands Group, Buxton, 25-27 March 1960. 

. 80. 3s. net. The Implications of the Crowther Report: Report 
ae the BACIE Spring Conference held at the Federation of British 
Industries, London, 27 April 1960. Pp. 28. 3s. 6d. (London: British 
Association for Commercial and Industrial Education, 1960.) [149 

Soil Mechanics Limited. Geotechnical Pamphlets. No. 4: Conseen 
Surveys, with particular reference to Foundation Engineering. Pp. 5 
No. 5: Trial Pits and Shafts, with particular reference to Plate 
Bearing Tests. 2B} 7. (London: Soil Mechanics, Ltd., 65 Old ee 


49 

Annual Report <4 1959 (No. 72) of the Marine Biological Station 
of the University of Liverpool at Port Erin, Isle of Man. Drawn up 
1800.) 8. 1 eee Pp. 43. (Liverpool: Liverpool University rae 


_~ of Northern Ireland: Ministry of Agriculture. Leaflet 
> 93: The Teterestaction of Rabbits. Pp. 6. (Belfast: Ministry 
culture, 1960.) [149 
lends of the Lake District. Report and News Letter, July, ~—. 

Pp. 17, (Ulverston: Friends of the Lake District, 1960.) {149 
Doe and Home Counties Regional Advisory Council for Tech- 
nological Education. Bulletin of Special Courses in Higher Technology, 
including Management Studies and Commerce, 1960-61. Part 1: 
Autumn Term. . 127. (London: London and Home Counties 
Regional Advisory Council for Technological Education, 1960.) 


Other Countries 


United States Department of Commerce: National Bureau of 
Standards. Monograph No. 12: Stabilization of Free Radicals at Low 
Temperatures. Edited by Arnold M. Bass and H. P. Broida. (Summary 
of the NBS m.) Pp. ye (Washington, D.C.: Government 
Printing Office, Hon ) 1.60 dol 149 
— Royal M tigorsloggue dy de Pes Contributions. No. 57: 
Saz la Représentation des téorologiques au Moyen de Pro- 


December 10, 1960 
cessus Aléatoires Stationnaires Persistants. Par Dr. R. 
Pp. 11. No. 58: Ion-Atom Interchange. By D. R. Bares ent ae 
Nicolet. Pp. 6. Publications, Serie B. No. 28: Sur I’ Impossibilité de 
Nucléation Homogéne de Glace dans l’Air Humide. Par L. Dufour et 
Prof. R. Defay. p. 12. No. 29: Le Temps en 1959. Par Dr. R, 
Sneyers. Pp. 50. (Uccle-Bruxelles: Institut Royal Météorologique de 
Belgique, 1960.) 
ational Library, Calcutta. A Bibliography of Indol 

by J. M. 4 -y Vol. 1: Indian Anthropology. Edited, re 
enlarged by D. L. Banerjee and A. K. Ohdedar. Pp. xi +290, (Cal 
cutta : National Library, 1960.) Rs. 5.00.; 8s. 

American Academy of Arts and Sciences, Boston. Records 


Academy 1959-1960 ‘(including new members elected 11 May. 190ee 
PD. 128. (Boston, Mass.: American Academy of Arts an 
1960. Le 


Vot. 188 


New York State Department of Health, Albany. Annual 
the Division of Laboratories and Research for 1959. Pp. 135. ( 
N.Y.: State Department of Health, 1960.) fl 

Deterioration =. Saas in Hot Dry Regions due to Excessive 
Shrinkage of A tes. By N. Stutterheim. Pp. 16. (In nternational 
Symposium on _— and Reinforced Concrete in Hot 
17-19 July, Haifa, ng BW (Haifa: Building Research Station aa 
Institute of Technology, 1960.) [149 

Publications de Tiestitut National pour I’Btude Agronomique dy 
Conse Belge. Série Scientifique. No. 84: Relations Entre te Cima 

Phénologie et la Production de Hevéa. Par E. Evers, R. Verbeke 
et C. Maertens. Pp. 71. 100 francs. No. 86: Etude des Argiles de 
I’'Uele. Par R. Frankart, Dr. M. C. Gastuche et Dr. J. J. Fripiat, 
63+17 photographies. 100 francs. Série Technique. No. 60: 
Débit des Bois a la Scie a Ruban. 5: Etude du Sciage de Treize Bois 
oe Congo Belge. Par R. C. Antoine, R. G. d’Orjo de Marcho' 

A. J. Fagneray et H. F. Liekens. Pp. 188. 125 francs. No. 61: 
d’Une Planification de I’Economie Agricole Congolaise. Par B. Van de 

Walle. Pp. 58+17 annexes. 150 francs. (Seen les: Institut National 
pour I’Ktude Agronomique du Congo Belge, 1960.) (149 

South African Council for Scientific 4 Industrial 
National Building Research Institute. Research —~ No. 170: A 

Concept for Housing Aged People. By D. G. Fairbairn. Pp, 
13. Research Report No. 171: Waterkloof Primary School: a 
Development Project. By D. M. Calderwood. Pp. v+46. (Pretoria : 
South oo Council for Beientific and Industrial oz 

World Health Organization. Technical Report Series. 

Joint TAO;WHO Expert Committee on Milk Hygiene—Second 
Pp. 55. (Geneva: World Health ey ee: London : 
Stationery Office, 1960.) 2 Swiss francs; 3s. 0.60 dollars. [149 

Trinidad and Tobago. ‘Administrative Report of the Forest Depart- 
ment for the Year 1957. Pp. 35. (Trinidad, W.I.: Crema 
Printing Office, 1960.) 65¢ {149 

bulletin of the Raffles Museum, State of Stnenqene. No. 29 a 
1960): The Robinson Collection of Malaysian Mammals. By J. E. 
= ae 112, (Singapore: Government Printer, 1960.) 2 i 


~ Department of Mines and Technical Surveys. the ed 
Survey of Canada. Memoir No. 306: Surficial Geology of the 
Deer—Stettler Map-Area, Alberta. By A. MacS. Stalker. .x+140 
13 plates. (Ottawa : Queen’ s Printer, 1960.) 1.25 dollars. tao 
United States Department of Agriculture. Farmers’ Bulletin No. 
1266: Wireworms and Their Control on Irrigated Lands. By M. C, 
Lane and M. W. Stone. Pp. 20. 15 reste Leatiet No. 372: The Onion 
Thrips: How to Control It. Pp. 15 cents. Leaflet Ne. 431: The 
Sweet-potato Weevil: How to a It. Pp. 8. 5 cents. Leaflet No, 
475: The Cotton Fleahopper : How to Control It. Pp. 8. 5 cents, 
(Washington, D.C.: Government Printing Office, 1960.) 149 
Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 41 
(July, 1960): Blood Pressure Level and Mortality Among Men. 
Continued Growth of School Population. Focal Points of the Motor 
Vehicle Accident Problem. Mortality Higher This Year. Pp. 12. - 
York: Metropolitan Life Insurance Company, 1960. [14 
Indian Forest Records (New Series). Entomology. Vol. 9, No. 10: 
_— + Stages of Indian Lepidoptera. No. 12: Pyralidae, sub- 
Pyraust 7 By Dr. R. N. Mathur. Pp. 183-210. Rs. 4.25nP., 
Vol. 10, No. 7: General Standard Volume Tables for Anogeissus 
ps Edgw. By 8. K. Seth and S. N. Dabral. Pp. 217-226. Ra. 
1.75nP.; 28. 6d. ( Manager of Publications, 1959.) {149 
: Government Chemical boratories 
for the year 1958. (Extract from the Report of the Department s 
Mines.) Pp. 28. (Perth: Government Printer, 1960.) 
Chicago Natural History Museum. Fieldiana : Geology. Vol. 10. 
No. 35 (July 22, 1960) : 


The New Rodent Genera from the Oligocene 
White River —— (Family Heteromyidae). By William G. 
Reeder. Pp. 511-524. 45 cents. Vol. 10, No. 36 (July 22, 1960): 
A Lance Dinelphia Molar, with comments on the Problems of the Lance 
Therians. By William D. Turnbull. Pp. 525-537. 40 cents. Vol. 39, 
No. 37 (July 28, 1960): A New Iguanis Lizard of the Genus Ctenobdle- 
pharis. By Hymen Marx. Pp. 407-409. 10 cents. Vol. 39, No. 38 
(July 28, 1960): A New Colubrid Snake of the Genus Atractus. By 
Hymen Marx. Pp. 411-413. 10 cents. Vol. 39, No. 39 (July 28, 1960) : 
Notes on Toads of the Genus Pelophryne. By Robert F. Inger. Pp. 
oor 10 cents. (Chicago: Chicago Natural History ae 377 
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